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ABSTRACT 
The Effect of Macro-Level Factors (Policies, Prices, and Neighborhood Social 
Environment) on Smoking Behavior in Two Multi-Ethnic Cohorts of U.S. Adults  
Stephanie Lynn Mayne 
 
 
 
 
OBJECTIVE: This dissertation explores the effect of three macro-level factors on 
smoking behavior among U.S. adults: 1) bar and restaurant smoking ban policies, 2) 
cigarette prices, and 3) social aspects of the neighborhood environment.   
METHODS:  Longitudinal epidemiologic cohort data from two sources: 1) the Coronary 
Artery Risk Development in Young Adults (CARDIA, 1985-2011, N=5071 
young/middle-aged adults); 2) Multi-Ethnic Study of Atherosclerosis (MESA, 2000-
2012, middle-aged to older adults, samples used were N=4884 and N=5856).  Cohort 
data were geocoded and linked to three datasets: 1) state, county, city 100% smoke-free 
policies in bars and restaurants (American Non-Smokers Rights Foundation’s Local 
Ordinance Database 1985-2011); 2) cigarette prices at chain supermarkets and drug 
stores within 3 miles of the participant’s residence (IRI 2001-2011); and 3) neighborhood 
social environment scores for three domains: aesthetic quality, safety, and social cohesion 
(MESA Neighborhood Survey, 2002-2005 and 2010-2012).  Various statistical modeling 
approaches were used: econometric models with subject fixed effects for within-person 
change in smoking outcomes, modified Poisson regression, and generalized linear mixed 
models for longitudinal and cross-sectional analyses.  
RESULTS:  Smokefree policies: Restaurant/ bar smoking bans were associated with a 
significant decline in current smoking risk and smoking intensity (risk ratio (RR): 0.92, 
95% confidence interval (CI): 0.87, 0.97, and RR: 0.91 (0.83, 0.99), respectively), and an 
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increased likelihood of a quit attempt (RR: 1.10 (1.02, 1.19)). Policy impacts on declines 
in current smoking were strongest among those with higher education (>bachelor’s 
degree) but the impact on quit attempts was strongest among women and lower income 
individuals.  Cigarette prices: A $1 higher cigarette pack price was associated with lower 
smoking prevalence (prevalence ratio (PR): 0.88 (0.77, 1.01)) and smoking intensity in 
MESA year 10 (PR: 0.77 (0.62, 0.95)). A $1 increase in pack price was associated with 
reductions in current smoking risk (RR: 0.97 (0.93, 1.01)), intensity (RR: 0.93 (0.87, 
0.99)), and risk of relapse (RR: 0.72 (0.56, 0.95)).  Social environment:  Participants 
living in areas with higher baseline neighborhood social environment composite score 
(reflecting a better environment) had 13% lower prevalence of baseline smoking (PR: 
0.87 (0.78, 0.98)). Similar results were observed for neighborhood safety and aesthetic 
quality but not for social cohesion. No associations were observed between neighborhood 
social environment and changes in smoking status or smoking intensity over time.   
CONCLUSIONS: Macro-level factors play an important role in smoking behavior. The 
differential effect of smoking bans by socioeconomic status underscores the importance 
of evaluating equity throughout policy implementation. Future work is needed to evaluate 
whether the neighborhood social environment influences earlier life smoking patterns. 
  
 
	 	
	
1 
CHAPTER 1: INTRODUCTION 
Cigarette smoking is the leading cause of preventable death worldwide [1]. 
Although the adverse effects of smoking have been widely recognized since the 1964 
release of the U.S. Surgeon General’s report, nearly 20% of U.S. adults smoked as of 
2014 [2]. Because smoking is a complex behavior that is influenced by social and 
economic factors [3], individually-focused behavior change interventions may be limited 
in their ability to reduce smoking rates. As such, macro-level factors including 
legislation, economic policies, and changes to neighborhood environments provide a 
promising approach to reducing smoking behavior. Policies that ban smoking in all 
workplaces, including bars and restaurants, have been implemented in 24 states [4] and 
have been associated with reductions in second-hand smoke and smoking prevalence. In 
addition, cigarette price increases due to excise tax policies have been associated with 
reductions in smoking prevalence and intensity. Finally, several studies have found that 
neighborhood social factors including social cohesiveness are associated with smoking 
cross-sectionally. However, questions remain regarding the effect of policies on within-
person change in smoking behavior, disparities in the effect of these policies, and 
associations of neighborhood factors with smoking behavior change. These gaps in 
knowledge present a barrier to understanding how macro-level interventions may most 
effectively reduce smoking behavior. To address these gaps, this dissertation will 
examine the effect of: 1) smoking bans in bars and restaurants, 2) cigarette prices, and 3) 
social aspects of the neighborhood environment, on smoking behaviors among two 
longitudinal cohorts of U.S. adults. 
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Epidemiology of Smoking 
In the United States, the prevalence of smoking has declined dramatically over the 
past 50 years, from 42% in 1964 to 17% according to most recent data [2]. Much of this 
decline occurred in the two decades following the 1964 release of the Advisory 
Committee to the U.S. Surgeon General’s seminal report on smoking, Smoking and 
Health [5], which provided the most comprehensive report to date on the negative health 
consequences of smoking. The decline in smoking has been attributed to many factors, 
including changes in public perceptions and norms about tobacco, clean indoor air laws, 
restrictions on access to cigarettes among youth, and cigarette taxes [4]. However, despite 
the substantial decline in smoking rates, cigarette smoking-related diseases including 
cardiovascular, cerebrovascular, and respiratory disorders result in approximately 
480,000 deaths per year in the United States [4]. 
Smoking prevalence is higher in men (19%) than in women (15%), highest in 
adults aged 25-44 (20%) compared to other age groups (18% in 45-64 year olds, 17% in 
18-24 year olds and only 9% in adults aged 65 years and older), and highest among 
American Indians/Alaska Natives (29%) and multi-race individuals (28%) [2]. 
Prevalence among non-Hispanic Whites and Blacks are similar (18%), whereas 
prevalence among U.S. Hispanics and Asians is 11% and 8%, respectively.  In addition, 
in the U.S., single/divorced adults are more likely to smoke (36%) compared to married 
(21%) adults [6]. Finally, adults who use alcohol are more likely to smoke than non-
alcohol users [7]. 
Tobacco use is much more prevalent among lower socioeconomic status (SES) 
groups: 33% of adults below the poverty level reported smoking compared to 20% of 
adults at or above the poverty level, and those with higher education were less likely to 
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smoke (10% of college graduates compared to 27% of high school graduates and 32% of 
adults with less than a high school education) [4]. A study of >25,000 U.S. adults aged 
18-64 in 2000 that used multivariable modeling to analyze current smoking, quit 
attempts, and successful smoking cessation similarly found disparities by SES [8]. 
Among white and black individuals, current smoking was most prevalent among 
individuals with less education, lower income, and occupations classified as “service” or 
“blue collar” compared to others, and successful smoking cessation was greatest among 
those with higher SES across all race/ethnic groups [8]. Low childhood and adult SES 
have also been associated with reduced likelihood of smoking cessation [9].  
 
Importance of Macro-Level Factors in Promoting Healthy Behaviors 
While the health risks of smoking described above have been well established for 
decades, smoking remains a persistent public health challenge. A large body of prior 
research has focused on individual-level interventions for smoking cessation and 
reduction such as self-help approaches, counseling, and pharmacological interventions 
[10, 11]. It is important to also consider macro-level factors that may either promote or 
inhibit smoking cessation. Macro-level factors that influence health include 
characteristics of the environments in which people live, societal factors and cultural 
norms, and policies. Medical historian Allan Brandt summarized the importance of 
studying macro-level factors that may influence smoking behavior, not just individual 
characteristics that increase smoking risk: “Smoking is a complex behavior which has 
reflected deep social, cultural, and economic forces, as well as a powerful biological 
process of addiction. Simply identifying individual behavior as the primary vehicle of 
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risk negates the fact that behavior itself is, at times, beyond the scope of individual 
agency” [3, 4].  
Ecological models of health behavior emphasize the idea that behavior has 
multiple levels of influence, including individual, interpersonal, community, 
environmental, and policy levels [12]. Macro-level factors, which include the 
environmental and policy levels of the models described above, may either support or 
inhibit smoking cessation both through modifying the effect of individual-level 
interventions [12] and through directly influencing smoking risk. For example, 
individuals living in a neighborhood with high rates of crime and little social support may 
have increased stress [13], which may prevent them from quitting smoking. In contrast, 
large-scale interventions like policies may promote cessation- for example, restriction of 
smoking in public places may both limit the social situations in which people smoke and 
change social norms related to smoking [14]. 
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Figure 1-1. Conceptual Model of Factors at Multiple Levels Influencing Smoking  
 
 
The following sections describe three macro-level factors that may influence smoking 
behavior: smoking bans, cigarette prices, and neighborhood social environments.  
 
Smoking Legislation: Bans on Smoking in Indoor Public Places 
One type of policy that has been implemented in many U.S. states and worldwide 
is restriction of smoking indoors in public places, including bars and restaurants, which 
aim to both protect non-smokers from second-hand smoke and encourage cessation 
among smokers. Restrictions implemented by individual workplaces have been in place 
for several decades; in 1985, approximately 38% of U.S. workers were employed in 
workplaces with policies restricting smoking [15]. However, comprehensive local and 
statewide indoor smoking restrictions are a more recent development in tobacco control.  
Local-level clean indoor air policies were first implemented in the 1970’s, but often 
Individual	Factors 
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excluded smaller workplaces [15]. In the U.S., California was the first state to implement 
a comprehensive statewide prohibition on smoking in all workplaces, including 
restaurants and bars, in 1998 [16]. Since then, 24 other states and Washington, D.C. have 
enacted 100% smoke-free workplace laws that include bars and restaurants. Most bans 
were implemented between 2006 and 2010 [4, 17].  
While the evidence is highly suggestive that smoking bans reduce cardiovascular 
disease and exposure to second-hand smoke [16, 18, 19], the effect of smoking bans on 
active smoking behavior is less clear. A 2016 Cochrane review identified 24 studies of 
the effect of smoking bans on active smoking (7 in the U.S.), and concluded that the 
evidence was inconsistent regarding the impact of bans on smoking prevalence and 
tobacco consumption [19]. However, an earlier review (2002) focusing on smoke-free 
workplace bans in the U.S., Canada, Australia and Europe found small but significant 
decreases in smoking prevalence across 26 studies (reduction of 3.8% (95% confidence 
interval: 2.8, 4.7) according to meta-analysis), although most (21) of the studies focused 
on bans put in place by individual workplaces [20].  
The effect of smoking bans on smoking behavior has primarily been assessed 
using large, repeated cross-sectional surveys such as local/state surveys, Census Tobacco 
Use Supplements, and nationally representative surveys to assess changes in smoking 
prevalence from before to after smoking ban implementation. In general, the results of 
these studies have supported an association between smoking bans and lower smoking 
prevalence. For example, studies in New York City using the NYC Community Survey 
estimated that smoking prevalence among adults declined by 11% in 2003 [21] following 
implementation of a comprehensive smoking ban in 2002, and by 2012, smoking 
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prevalence was 28% lower than the pre-ban level [22]. Prior repeat cross-sectional 
studies have also found reductions in the mean number of cigarettes smoked per day 
ranging from -0.6 to -3.7 [20-26]. However, not all studies have found an effect of 
smoking bans on smoking behavior [27, 28]. 
A limitation of repeated cross-sectional study designs is that individual-level 
change in behavior cannot be assessed, as different people are included in each cross-
sectional assessment. Longitudinal cohort designs are better suited to evaluate the effect 
of smoking bans on within-person change in smoking behavior. However, relatively few 
prior studies have used longitudinal cohort designs to evaluate the effect of smoking bans 
on smoking behavior. Of those that have used longitudinal cohorts, most examined 
changes in smoking among occupational cohorts of hospitality workers rather than the 
general population [29-32]. 
 Among the few cohort studies examining the effect of smoking bans in the U.S. 
general population, results have been mixed. A longitudinal study of residents of 
Massachusetts towns with local restaurant smoking restrictions found that smoking 
regulations were associated with quit attempts  (odds ratio (OR) 3.12, 95% confidence 
interval (CI): 1.51, 6.44)), but not with smoking cessation [33]. A study using the 
California Longitudinal Smokers Survey found that self-reported city-level outdoor 
smoking bans were associated with quit attempts and smoking less than in the prior year 
(ORs 1.8 (1.1, 2.9) and 1.7 (1.0, 2.7), respectively) [34], however, the study did not 
examine whether these quit attempts were successful or quantify the reduction in 
smoking. Recently, two studies linked up to 10 years of data from the National 
Longitudinal Survey of Youth with state, county, and local smoking ban policies and 
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found that smoking bans were negatively associated with current smoking and smoking 
intensity among adolescents/young adults [35, 36]. However, neither study examined the 
effect of smoking bans on quit attempts, nor examined the effect of smoking bans among 
other subgroups of the population. 
Subgroup Effects of Smoking Bans 
Smoking bans may have stronger impacts for different groups within the 
population. For example, several studies have reported effect modification by sex but 
results are inconsistent: a few studies have found larger effects of smoking bans on 
reducing smoking prevalence in men [24-26, 37] while one of the New York Community 
Health Survey studies found a larger effect of bans in women [21]. Although men have 
higher smoking rates, there may be differences in why women smoke, and why they may 
have more difficulty quitting than men.  For example, research has found that women are 
more likely to smoke as a “buffer” to cope with negative feelings while men smoke more 
out of routine or to enhance pleasurable feelings [38-40]- this may reduce the 
effectiveness of smoking bans among women. In addition, concerns about weight gain 
associated with smoking cessation have been found to be more common among women 
[41], and some studies have indicated that women report more nicotine withdrawal 
symptoms [39, 42], and more severe symptoms [43], than men.  
 The effect of smoking bans may also vary by socioeconomic status- for example, 
one study found a greater affect among individuals with higher education [21]. Results 
suggest that bans may have a stronger impact on people of higher socioeconomic status, 
possibly due to higher awareness of the negative effects of smoking in this group through 
wider knowledge and access to sources of information [44]. In addition, smokers with 
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higher levels of education were found to respond more favorably to positive newspaper 
coverage regarding smoking bans in terms of their support for smoke-free bars and 
restaurants [45], suggesting anti-smoking norms may be adopted more quickly in this 
group. However, not all studies have found a difference by education or income [46]. As 
the question of whether policies exacerbate or ameliorate health inequalities is of 
importance to policymakers, this is an important area for further study. 
 
Tobacco Prices and Taxes 
Another macro-level intervention that has been implemented to reduce smoking is 
to raise the price of tobacco products relative to other goods [47]. Nearly 90% of 
countries have tobacco taxes [47]. A recent comprehensive review of 100 studies 
concluded that tobacco excise taxes encourage cessation among current smokers and 
reduce consumption among those who continue to smoke [47]. Strategies for tobacco 
taxation have followed what has been done with luxury goods: utilizing the “excise tax” 
mechanism. Excise taxes are indirect taxes levied on the tobacco producer or vendor 
under the assumption that additional costs will be passed to the consumer. Relative to 
sales taxes, they are relatively easy to implement and enforce. In the United States, excise 
taxes have been levied at the federal and local level and have increased over time. Federal 
excise taxes rose from $0.24 to $0.34 cents per pack in 2000, from $0.34 to $0.39 cents 
per pack in 2002, and then jumped from $0.39 to $1.01 in 2009 [4]. Since the start of 
2002, 47 states, the District of Columbia, and several U.S. territories have increased 
cigarette excise taxes a total of 105 times [4]. Studies estimate that a 10% increase in 
price would reduce per capita tobacco consumption between 1% and 6% (price 
elasticities -0.1 to-0.6) [27, 47-50].   
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To date, most studies have used repeat cross-sectional data to assess price 
elasticity or changes to smoking prevalence [27, 46, 49-54]. However, as with smoking 
bans, longitudinal cohorts are better suited to examine associations of cigarette prices 
with within-person changes in smoking behavior. Similarly, few studies have examined 
heterogeneity in prices at a local geographic level or used price data on a smaller 
geographic scale to examine associations with smoking behavior. Most prior studies 
examining the effect of tobacco prices on smoking have used average cigarette prices or 
excise taxes at the state level [27, 36, 46, 51, 53, 54]. However, preliminary data 
examining prices within a national database of prices at supermarkets and drug stores 
indicated that cigarette prices vary within county as well as between counties (paper not 
yet published), consistent with a few other studies that have used store-level price data to 
characterize heterogeneity within states and/or counties [55-57]. In addition, research 
suggests that geographically proximal exposures affect smoking behavior- for example, 
individuals who lived in closer proximity to stores licensed to sell tobacco were less 
likely to quit smoking even after controlling for factors like race/ethnicity, education, and 
occupation [58, 59]. These results suggest that the tobacco retail environment near 
peoples’ homes impacts their smoking behavior, likely because many people purchase 
tobacco at stores within a close proximity of their residence. Thus, cigarette prices at 
stores geographically proximal to people may better reflect the prices to which they are 
exposed than city or state-level averages. 
Another area rarely examined by prior studies is whether cigarette prices interact 
synergistically with smoking ban policies to promote smoking behavior changes [60]. 
One study using Tobacco Use Supplements from the 1990’s compared smoking cessation 
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rates in California residents, who were subject to both high cigarette prices and a 
workplace smoking ban, to residents of New York and New Jersey, who had similar 
prices but lacked a ban, and to residents of states such as Kentucky that had low prices 
and no state-level tobacco control legislation [61]. This study found that the odds of 
cessation were higher in California than in New York and New Jersey, suggesting an 
impact of smoking bans beyond the effect of higher cigarette prices. However, this 
difference was strongest for younger adults aged 20-34 (weaker for those aged 35-49 and 
no significant difference among those aged 50-64) [61]. Contrasting results were found in 
a study among U.S. young adults in which smoking bans were most effective in areas 
with low or no cigarette taxes [35]. Given that prior results have been mixed and 
interactions between these factors have rarely been studied, additional work in this area is 
needed. 
 
Neighborhood Social Environment 
In the past several decades, public health researchers have increasingly focused on 
the neighborhoods in which people live as a distal factor contributing to health and 
disease [62]. Several aspects of neighborhood environment have been considered as 
potential risk factors for chronic diseases, including socioeconomic level or 
neighborhood disadvantage [63], physical features including access to healthy or 
unhealthy food and walkability [64, 65], and social factors such as safety and social 
cohesiveness [64-66]. Poor neighborhood social environment was associated with a 58% 
increase in age- and sex-adjusted risk of death in the Alameda County Study in the 
1980’s, and mortality risks were significant even after controlling for a number of 
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individual covariates [67]. More recent studies have largely focused on the effects of the 
neighborhood social environment on mental health outcomes including depression [62, 
68, 69].  Fewer studies have evaluated the effect of neighborhood social environment on 
physical health and healthy versus unhealthy behaviors [62]. Several aspects of the 
neighborhood social environment have been theorized to be relevant to health [70]; these 
include psychological stressors such as noise level or poor aesthetic quality, perceptions 
of safety and crime in the neighborhood, and perceptions of social cohesion and social 
capital. The evidence for the relation of each of these factors to smoking behavior is 
mixed. 
Several prior studies have used a composite exposure variable to quantify 
“neighborhood problems” [13, 66, 71, 72], a domain including features such as trash, 
litter, pollution, noise, lack of access to amenities, and vandalism, which is posited to 
affect health through chronic stress [13]. Studies to date have typically found that 
individuals living in neighborhoods with higher levels of self-reported neighborhood 
problems were more likely to smoke [66, 71, 72], although one study found no 
association between neighborhood social environment and smoking [13]. All studies to 
date have been cross-sectional. 
Several studies examined cross-sectional associations between individual-level 
smoking behaviors and local area crime rates and found that those living in high crime 
areas were less likely to quit smoking [73, 74]; one study also found crime to be 
associated with higher smoking prevalence and intensity [74]. Other studies in high-risk 
subpopulations had mixed results. For example, a cross-sectional study of African 
American women living in subsidized housing found no effect of social cohesion or 
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objective measures of crime on smoking [75]. However, women who reported higher 
individual-level stress as a result of violence or disorder were more likely to smoke, as 
were women who lived in neighborhoods with higher levels of stress [75], suggesting that 
concerns about safety influence smoking behavior through increasing stress. 
A third aspect of the neighborhood social environment is social cohesion, or how 
connected people in a neighborhood feel with their neighbors [76]. Neighborhood social 
cohesion is thought to influence health by promoting supportive neighborhoods that 
buffer stress and connect residents to shared resources and services; this may in turn lead 
to adoption of healthy behaviors [77]. For smoking behavior, prior cross-sectional studies 
have largely found that social cohesion has a protective effect. For example, in a prior 
study in the Multi-ethnic Study of Atherosclerosis (MESA), a multiethnic cohort of 
middle-age to older adults, investigators found higher prevalence of smoking among 
people living in the lowest tertile with regard to neighborhood social cohesiveness [66]. 
Other cross-sectional studies have found similar associations among women in subsidized 
housing [75], adult men and women in Minneapolis [78], and in a large national survey in 
New Zealand [70]; however, a population-based cross-sectional survey of adults in 
Sweden found little effect [79].  
To date, most prior research on the neighborhood social environment and 
smoking behavior has been cross-sectional [13, 66, 70-72, 74, 75, 78], limiting causal 
inference. The effect of neighborhood social environment on smoking over time has been 
examined in only a few studies [80-82]. One study of ~400 African American smokers 
enrolled in a smoking cessation trial similarly found no association of neighborhood 
social cohesion with sustained smoking cessation [81], although social cohesion was 
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associated with intermediate factors including stress and social support. Slopen et al 
found no association between neighborhood stress, a scale related to both safety and trust 
in the neighborhood, and smoking behavior change among a cohort of middle-aged U.S. 
adults [82]. In contrast, Fleisher et al analyzed a cohort of Mexican smokers (mean age 
40 years old) and found positive associations between neighborhood social cohesion and 
both quit attempts and successful quitting [80] and higher levels of neighborhood 
violence were associated with higher smoking intensity. However, this study included 
only two years of data, and was limited in its ability to examine long-term change. 
 
SPECIFIC AIMS 
This study will apply longitudinal models to two large multi-ethnic cohorts of 
U.S. adults with detailed geographical information that enables linkage to tobacco control 
policies and prices and categorization of the neighborhood social environment. This 
dissertation will explore the effects of smoking ban legislation, geographically proximal 
cigarette prices, and social aspects of the neighborhood environment on smoking 
behaviors through three specific aims: 
Aim 1. Evaluate the effect of indoor bar and restaurant smoking bans on current 
smoking, smoking intensity, and quit attempts 
Aim 1B. Evaluate whether gender, education, and income modify the effect of 
smoking bans on smoking outcomes  
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Aim 2. Evaluate the effect of cigarette prices within a 3-mile radius of each participant’s 
residence on current smoking, smoking intensity, and relapse cross-sectionally 
and longitudinally 
Aim 2B. Evaluate whether there is a synergistic interaction between cigarette 
prices and bar/restaurant smoking bans 
Aim 3. Evaluate the effect of neighborhood social environment on current smoking and 
smoking intensity, cross-sectionally and longitudinally 
 
While smoking prevalence has declined substantially in the past 50 years, 
smoking remains a major public health problem that cannot be solved by individually 
focused intervention alone. A better understanding of the effects of macro-level factors 
on individual-level smoking behavior change is essential to inform future policy 
implementation and intervention development targeting neighborhood environments. The 
relative lack of evidence from longitudinal cohorts limits causal inference about the effect 
of macro-level factors on smoking behavior change over time.  This dissertation takes 
advantage of two large, diverse longitudinal cohorts with 10-25 years of follow-up with 
detailed geographic information that both enabled linkage to local policy and price 
exposures and characterized multiple social features of participants’ neighborhoods. We 
used fixed effects models to evaluate the association of smoking ban implementation and 
cigarette price increases with within-person change in smoking behavior while 
controlling for all individual-level time-invariant characteristics, limiting bias. In 
addition, we examined the effect of neighborhood social environment on changes to 
smoking behavior over 10 years of follow-up, adding to the very limited literature on this 
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topic.  The results of this work will improve our understanding of the effects of these 
exposures and inform future tobacco control policy efforts. 
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CHAPTER 2: ASSOCIATIONS OF BAR AND RESTAURANT SMOKING BANS 
WITH SMOKING BEHAVIOR IN THE CARDIA STUDY: A 25-YEAR STUDY 
 
ABSTRACT 
BACKGROUND: Indoor smoking ban policies have been associated with reductions in 
smoking prevalence. However, few studies have evaluated their association with within-
person changes in smoking behaviors. 
METHODS: Longitudinal data from the Coronary Artery Risk Development in Young 
Adults (CARDIA) study (1985-2011) were linked to state, county, and local 100% 
smoke-free policies in hospitality venues (restaurants, bars). Fixed effects models 
examined the association of smoking bans with within-person change in current smoking 
risk, smoking intensity (smoking ≥10 cigarettes per day on average versus <10) and quit 
attempts. Models controlled for time-varying covariates including age, education, 
income, alcohol use, marital status, and employment. Effect modification by sex, 
educational attainment, and income was examined.  
RESULTS: 5,071 participants (aged 18-35 at baseline) were included. Coverage with 
100% hospitality smoking bans increased from 0 to 71% over follow-up.  Hospitality 
smoking bans were associated with a significant reduction in current smoking risk and 
smoking intensity over time [risk ratio (RR): 0.92, 95% confidence interval (0.87, 0.97) 
and RR: 0.91 (0.83, 0.99), respectively] and an increased likelihood of a quit attempt [RR 
1.10 (1.02, 1.19)]. The association with current smoking was greatest among participants 
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with a bachelor’s degree or higher. Smoking bans had a stronger association with quit 
attempts among women and among lower income individuals. 
CONCLUSIONS: Among young-to-middle aged adults, hospitality smoking bans were 
associated with reduced smoking risk and intensity and increased quit attempts. However, 
weak associations among participants with lower educational attainment suggest that 
additional supports may be needed to promote successful smoking cessation in 
individuals with less education. Results underscore the importance of evaluating equity 
throughout policy implementation. 
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INTRODUCTION 
Cigarette smoking-related diseases result in approximately 480,000 deaths per 
year in the United States [4] due to direct smoking and second-hand smoke exposure. 
Although smoking prevalence has declined over time, an estimated 18% of U.S. adults 
smoked as of 2012 [83]. In recent years, many states have implemented policies to 
restrict smoking indoors in public places, including restaurants and bars. Since 1998, 30 
states and Washington, D.C. have enacted 100% smoke-free bars and restaurant laws.  
Most bans were implemented between 2006 and 2010 [4, 17]. Numerous county-level 
and local smoking bans have also been implemented, often preceding state-level bans 
[84]. 
 Prior repeat cross-sectional studies have found that smoking prevalence declined 
after smoking ban implementation. For example, a study using the New York City 
Community Survey estimated that adult smoking prevalence declined by 11% in 2003 
following implementation of a comprehensive smoking ban in 2002 [21]. By 2012, 
smoking prevalence in New York City was 28% lower than the pre-ban level [22]. Prior 
studies have also found positive associations of bans with smoking intensity (reductions 
in the average number of cigarettes smoked per day ranging from -0.6 to -3.7) [20-26]. 
However, not all studies have found associations between smoking bans and smoking 
behavior [27, 28].   
 A limitation of prior research is that most studies of smoking bans have used 
repeated cross-sectional surveys to assess changes in smoking behavior from before to 
after implementation of smoking bans [21-23, 27, 61, 85]. Longitudinal cohort designs 
are better suited to evaluate associations of smoking bans with within-person change in 
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smoking behavior, yet relatively few prior studies of smoking bans have used these 
designs. Of those that have used longitudinal cohorts, many focused on occupational 
cohorts of hospitality workers rather than the general population [29-32]. Two recent 
studies linked up to 10 years of data from the National Longitudinal Survey of Youth 
with state, county, and local smoking ban policies and found that smoking bans were 
negatively associated with current smoking and smoking intensity among 
adolescents/young adults [35, 36]. However, neither study examined associations of 
smoking bans with quit attempts, nor examined the associations of smoking bans among 
other subgroups of the population. 
 As smoking disproportionately affects individuals of lower socioeconomic status 
[4] and disparities exist by other socio-demographic characteristics including gender [4], 
it is important to examine whether associations of smoking bans with smoking outcomes 
differ in subgroups of the population. Several prior studies have suggested that smoking 
bans may have a stronger association with smoking among men [24-26, 37] and people of 
higher socioeconomic status [21, 86]; however, results have been mixed [46, 87]. 
The objective of this study was to assess the association of 100% bar and 
restaurant smoking bans with changes in smoking risk, intensity, and quit attempts in a 
large cohort of young to middle-aged adults from multiple regions of the U.S. in the 
Coronary Artery Risk Development in Young Adults (CARDIA) study. We hypothesized 
that exposure to smoking bans would be associated with reduced smoking risk and 
intensity and increased number of quit attempts. We further hypothesized that these 
associations would be stronger in men than women and in individuals with higher 
compared to lower educational attainment and household income. 
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METHODS 
Study Population 
 The CARDIA study is a longitudinal cohort study evaluating the evolution of risk 
factors for cardiovascular disease from young adulthood to middle age [88]. 5,115 black 
and white men and women aged 18-30 years were enrolled from four cities (Birmingham, 
AL; Chicago, IL; Minneapolis, MN; and Oakland, CA). The baseline exam was 
conducted in 1985/86. Data for these analyses included 1985-2011, corresponding to 
exam years 0, 7, 10, 15, 20, and 25. We excluded participant exam-years where 
residential address was not collected (years 2 and 5), as well as exam-years at which the 
participant was pregnant (N=116 exam-years, 0.4%) or missing smoking status (N=162 
exam-years, 0.6%) We included in analyses a total of 23,572 person-exam years from 
5,105 participants. The CARDIA study was approved by the Institutional Review Boards 
at each participating institution. 
 
Smoking Outcomes  
Cigarette smoking outcomes were self-reported and included smoking status, 
intensity, and quit attempts. Smoking status was assessed at each exam by two questions: 
“Have you ever smoked cigarettes regularly for at least 3 months? By regularly, we 
meant at least 5 cigarettes per week, almost every week” (ever smoking) and “Do you 
still smoke cigarettes regularly?” (current smoking). We compared current smokers with 
non-current smokers in analyses. Smoking intensity was assessed at each exam by asking 
current smokers the question: “How many cigarettes do you smoke per day on average?” 
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We dichotomized this variable at half a pack of cigarettes (10) or more per day (10 was 
also the mean number of cigarettes per day at baseline) and less half a pack per day. Quit 
attempts were assessed for current smokers at each exam using the question: “Have you 
made any attempts to stop smoking in the past [number of years since the last exam]?”  
 
Smoking Ban Exposures  
Data on smoking bans were obtained from the American Non-Smokers Rights 
Foundation’s (ANRF) Local Ordinance Database [89], which compiled a comprehensive 
dataset of the timing of all state, county, and city-level 100% smoking bans in the U.S. 
and whether each ban prohibited smoking in restaurants, bars, and/or other workplaces. 
To be considered 100% smoke-free, legislation had to ban smoking in attached bars and 
separately ventilated rooms and not have exemptions based on size.  
CARDIA participants were assigned to smoking ban exposure status based on the 
census tract in which they lived at each exam and their exam date, which enabled us to 
match participants to local smoking ban policies. Residential locations were based on 
geocoded home addresses collected in exam years 0, 7, 10, 15, 20, and 25. State-county-
census tract Federal Information Processing Standard (FIPS) codes were converted to 
census place names (places are roughly equivalent to city boundaries) using the Missouri 
Census Data Center's MABLE/Geocorr Geographic Correspondence Engines for 1980, 
1990, 2000, and 2010 census years [90]. Place names and state/county FIPS codes were 
linked to state, county, and city-level smoking bans in the ANRF database, and each 
tract-month was assigned a policy exposure (yes/no) based on policy implementation 
dates. These tract-month exposures were linked to CARDIA participants based on tract of 
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residence and exam date. In order to ensure that policy changes preceded outcome 
measurement, participants were considered exposed as of 1 year following smoking ban 
implementation.  When a participant's census tract encompassed multiple municipalities 
or unincorporated areas, participants were assigned an exposure probability ranging from 
0-1 reflecting the proportion of the census tract population residing in municipalities with 
a smoking ban, according to the most recent census. Smoking ban data were complete for 
all participants.  
We focused on hospitality smoking bans (bars and restaurants) as opposed to laws 
affecting other workplaces because survey data indicates that many non-hospitality 
establishments voluntarily banned indoor smoking by the late 1990’s, far in advance of 
state, county, or local legislation banning smoking in non-hospitality workplaces [91]. To 
be considered exposed, participants had to live in an area with both restaurant and bar 
bans. This combined exposure was chosen because for 97% of observations, exposure to 
bar and restaurant bans were the same.  
  
Covariates 
We included gender and race (assessed at baseline) and time-varying covariates: 
age in years, education (continuous, representing the number of years of education 
participants had attained), marital status (married/living in a marriage-like relationship 
versus not), employment status (unemployed versus not), living with children (yes or no), 
and current alcohol use (yes or no). Total family income was collected in years 7-25 as a 
9-level categorical variable. As income was not collected in year 0, the closest 
measurement (year 5) was carried backward. We converted income to a continuous 
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variable using the average dollar value for each category. Values of $2,500 and $150,000 
were assigned to the lowest and highest income categories. Incomes were inflated to 2000 
U.S. dollars using the Consumer Price Index.  
 
Statistical Analysis 
We conducted multiple imputation using chained equations (MI package in Stata) 
to impute missing covariate values [92] (≥1 covariate missing for 5.9% of person-exam 
years, data assumed missing at random). This approach, also known as the sequential 
regression multivariate imputation [93], is a method with fully conditional specification 
of prediction equations that can accommodate arbitrary missing value patterns and handle 
multiple variable types. We simultaneously included all analytic variables from all exams 
to create 10 imputed datasets. Imputed values were dropped for exams that participants 
did not actually complete. We compared the distributions of covariates between the 
original and imputed datasets, and found them to be similar (Appendix A Table 1). We 
then described the socio-demographic characteristics of the study population and 
examined patterns of smoking prevalence, smoking intensity, and number of quit 
attempts over time, as well as coverage of hospitality smoking bans.  
In order to examine the association of smoking bans with within-person change in 
smoking behavior, we used econometric models with individual fixed effects [94]. Fixed 
effects models estimate the effect of within-person changes in exposure on within-person 
changes in the outcome. Since they inherently control for all observed and unobserved 
time-invariant characteristics of study participants, they eliminate the possibility of bias 
from time-invariant omitted variables [94]. As all three outcomes were dichotomous, we 
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used modified Poisson models with robust variance estimates to model the relative 
change in risk of each smoking behavior associated with exposure to a smoking ban [95, 
96]. Fixed effects models included only participants who had a change in the outcome 
over the course of follow-up. We clustered standard errors by individual. 
For each of the three outcomes, we used a different definition to define our 
analytic sample for fixed effects models. 1. For current smoking: all participants who had 
a change in smoking status over the course of follow-up (N=1,732 participants and 8,290 
person-exam years). 2. For smoking intensity: participants who reported being current 
smokers at any exam during the study period and had a change in smoking intensity 
category (≥10 vs. <10 cigarettes per day) over follow-up (N=1,197 participants and 5,694 
person-exam years). We considered the number of cigarettes smoked daily to be 0 in 
exam years where ever-smokers were not currently smoking. 3. For quit attempts: only 
exam-years at which participants reported being current smokers, and included 
participants with a change in quit attempts over follow-up (N=1,153 participants and 
4,430 person-exam years).  
Models included the following time-varying covariates: age, education, marital 
status, employment status, income, alcohol use, living with children, and time since 
baseline (graphical assessments suggested an approximately linear trend in smoking over 
time). Time-invariant covariates (race, sex, study site) were not directly specified because 
fixed effects models only estimate coefficients for time-varying variables; however, we 
included interactions between time-invariant variables and time where significant at the 
p<0.05 level, to allow the association of these variables with smoking outcomes to vary 
over time.  
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Subsequently, effect modification was examined using models including 
interaction terms between potential modifiers (sex, education, income) and smoking ban 
status. We then calculated stratified risk ratios to examine patterns in different subgroups. 
We conducted several sensitivity analyses. In order to identify the effect of 
smoking bans independent of cigarette tax increases, we included state cigarette taxes as 
a covariate. Monthly state-level tax rates were obtained from The Tax Burden on Tobacco 
and were inflated to 2000 U.S. dollars. Next, we considered models with fixed effects for 
state of residence to control for area-level differences in smoking norms.  State was used 
rather than county because 53% of counties only had one participant at a given exam, 
thus county effect could not be separated from the participant effect. In addition, we 
tested sensitivity to the length of the exposure lag period by lagging exposures by 6 
months rather than 1 year. Finally, to explore more robust adjustment for secular trends in 
smoking, preliminary analyses also included exam year dummy variables in models 
instead of a linear time trend.  However, exam year is strongly collinear with ban 
implementation in years 15, 20, and 25, thus results are not able to be interpreted and the 
adjusted estimate of bans on smoking is fully attenuated (Appendix A Table 4).  
 
RESULTS 
 Table 2-1 displays the characteristics of the study sample over 25 years of follow-
up. Smoking prevalence declined during follow-up: current smoking from 31% to 17% 
and percent of ever-smokers who are heavy smokers (≥10 cigarettes per day) declined 
from 52% to 27%. The proportion of current smokers reporting a quit attempt decreased 
from 60% in year 0 to 51% in year 7, then increased again to 62% at the last follow-up. 
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More Black/African American participants were lost to follow-up than white participants, 
and slightly more men than women. Educational attainment and income increased over 
follow-up, as did the proportion that were married and lived with their children, while 
alcohol use decreased.  
 At baseline, no study participants lived in municipalities with a 100% hospitality 
smoking ban (Table 2-1). Ban coverage increased starting in year 10, and by year 25 
(2010-11), 80% and 71% of participants had a 100% probability of being exposed to 
restaurant and bar bans, respectively.  
 
Association of 100% Hospitality Smoking Bans with Smoking Outcomes 
Table 2-2 presents the results of the main fixed effects models. Participants whose 
residential census tract was in a municipality that adopted a hospitality smoking ban had 
an 8% reduction in the risk of smoking over the 25 year follow-up [risk ratio (RR)=0.92, 
95% confidence interval (CI): 0.87, 0.97] in adjusted models. In addition, smoking bans 
were associated with a 9% decrease in the risk of smoking ≥10 cigarettes per day 
(RR=0.91, 95% CI: 0.83, 0.99), and a 10% increase in the likelihood of a quit attempt 
among current smokers (RR=1.10, 95% CI: 1.02, 1.19). In sensitivity analyses that 
adjusted for state cigarette tax, included state fixed effects, and used a 6-month exposure 
lag, results were similar (Appendix A Table 3).  
 
Differences in Associations among Subgroups 
 The associations of hospitality bans with smoking outcomes varied by educational 
attainment (Figure 2-1). Participants with a bachelor’s degree or higher had a 22% 
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decline in current smoking risk (RR=0.78, 95% CI: 0.69, 0.89) when exposed to a 
smoking ban, compared to a 5% decline (RR=0.95, 95% CI: 0.87, 1.05) among those 
with some college or an associate’s degree and 3% decline (RR=0.97, 95% CI: 0.91, 
1.04) among those with a high school degree or less (p-value for the interaction:< 0.001). 
A similar, though not statistically significant pattern was observed for smoking intensity. 
For quit attempts, however, results suggested a stronger association of smoking bans 
among participants with lower educational attainment [RR=1.11, 95% CI: 1.00, 1.24 in 
those with a high school degree or less and RR=1.14, 95% CI: 1.02, 1.28 for those with 
some college/associate’s degree compared to RR=1.00, 95% CI: 0.85, 1.17 for those with 
a bachelor’s degree], although the interaction was not statistically significant. 
 The association of smoking bans with within-person change in smoking risk and 
intensity were the same for men and women (Figure 2-1, p from interaction terms: 0.7 
and 0.6, respectively.) However, smoking bans were associated with an increase in quit 
attempts among women only (RR=1.18, 95% CI: 1.07, 1.30 compared to RR=1.00, 95% 
CI: 0.90, 1.12 for men, p for interaction: 0.02).  
Smoking bans were associated with the largest reduction in current smoking risk 
in the two highest income quartiles, although the interaction was not statistically 
significant. Conversely, the association between smoking bans and quit attempts was 
strongest among participants in the lowest income quartile (RR= 1.23, 95% CI: 1.09, 
1.38, p for interaction: 0.05, Figure 2-1). The association of smoking bans with smoking 
intensity did not differ by income.  
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DISCUSSION 
 Comprehensive smoking bans in hospitality venues were associated with a 
significant decline in smoking risk and intensity among young to middle-aged adults over 
25 years of follow-up, and a significant increase in the likelihood of a quit attempt. 
Hospitality bans were associated with the largest reduction in current smoking risk 
among participants with a bachelor’s degree or higher. Bans were associated with 
increased quit attempts among women only, and had a stronger effect on quit attempts 
among participants with lower household income.   
Our main findings are largely consistent with the few prior studies evaluating the 
effect of smoking bans in longitudinal cohorts. Recent studies that linked the ANRF 
database to the National Longitudinal Survey of Youth (NLSY) [35, 36] found that bar 
smoking bans were associated with lower odds of current smoking and fewer days of 
smoking by current smokers [36], and that comprehensive bans in bars, restaurants, and 
non-hospitality workplaces were associated with lower odds of current smoking [35]. The 
effect sizes in our study were slightly smaller than these prior studies, which estimated 
odds ratios (ranging from 0.70-0.85) rather than risk ratios. Our study builds on these 
findings by providing a longer follow-up period (over twice the length of prior studies), a 
large population of young-to-middle aged adults, and a more precise exposure 
assignment. As the NLSY was geocoded to state, county, and core-based statistical area 
(CBSA), participants were assigned to exposure based on the proportion of their county 
covered by bans [36] or were only included if they lived in the principal city of a given 
CBSA [35]. As CARDIA geocoded to the census tract level, we were able to more 
precisely link participants to local bans. In addition, our use of fixed effects models 
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directly assessed the association of a change in smoking ban exposure with changes in 
smoking outcomes, while tightly controlling for any time-invariant unobserved individual 
covariates [94]. 
Heterogeneous associations of smoking bans in subgroups of the population have 
been reported by several prior studies, but results have been inconsistent. A few studies 
have found stronger effects of smoking bans in men [24-26, 37] while one found a 
stronger effect in women [21]. We did not find differences in current smoking or 
smoking intensity, but the finding that smoking bans increased an intermediate outcome- 
quit attempts- among women only is of note. The reason for this difference is unclear. 
However, some prior research has found that women are more likely than men to smoke 
to cope with negative feelings [38-40], have concerns about weight gain associated with 
smoking cessation [41], and report more nicotine withdrawal symptoms [39, 42]. These 
factors might account for our finding that, while women were more likely to attempt to 
quit smoking in response to hospitality bans, these quit attempts did not result in a 
differential association with overall smoking risk/intensity. 
 Our finding that smoking bans were most strongly associated with current 
smoking among participants with higher education is consistent with an evaluation of 
New York City’s comprehensive tobacco control program [21], as well as a systematic 
review that found local/regional smoke-free policies often had stronger associations in 
higher socioeconomic status groups [97]. Prior studies have found positive associations 
between education and support for smoke-free policies [45, 98], suggesting cultural 
norms regarding smoking may change more quickly among those with higher educational 
attainment. While smoking bans have been found to change smoking norms [99, 100], 
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within-education group pro-smoking norms may weaken the impact of smoking bans 
among those with lower educational attainment. In addition, while we found that there 
were no significant differences in the association of bans with current smoking risk or 
intensity by income, we did find that smoking bans were more strongly associated with 
quit attempts among lower income individuals, and, while not statistically significant, 
among participants with lower educational attainment. These results suggest that smoking 
bans promote attempted, but not completed, cessation among people of lower 
socioeconomic status and that additional supports may be needed to promote smoking 
cessation in these groups. For example, as lower SES populations may lack access to 
smoking cessation aids [101] and may be less likely to use these aids [102], policies that 
increase access to and support for smoking cessation aids in tandem with hospitality 
smoking bans may reduce differences based on socioeconomic factors.   
This study had several limitations. First, smoking outcomes were assessed by self-
report, leading to potential misclassification due to recall or social desirability bias. 
However, prior validation work in CARDIA that compared self-reported smoking to 
serum cotinine levels indicated that misclassification of smoking exposure status based 
on self-report was uncommon (misclassification rate: 4.2%) [103]. Second, we were 
unable to include county-level fixed effects to account for potential differences in local 
smoking norms; however, inclusion of state fixed effects did not change results. Finally, 
we were unable to adjust for state-specific time trends as most states had few participants 
living in them at a given time. Overall, this study provides additional evidence that 
smoking bans have a significant and meaningful association with smoking behavior and 
adds to prior work by directly assessing within-person change. 
	 	
	
32 
 
 
CONCLUSION 
 Adoption of smoking bans in bars and restaurants was associated with lower risk 
of current smoking and lower smoking intensity, and a greater likelihood of having a quit 
attempt, in a longitudinal cohort of young to middle-aged adults. However, weak 
associations of smoking bans among participants with lower educational attainment 
emphasize the importance of evaluating equity throughout the policy implementation 
process, and of addressing disparities through policy changes and enhancements when 
gaps are uncovered.   
		
TABLES AND FIGURES   
Table 2-1. Study Sample Over Study Period, The Coronary Artery Risk Development in Young Adults Study (1985-2011) 
 Year 0 
Mean (SD) 
Year 7 
Mean (SD) 
Year 10 
Mean (SD) 
Year 15 
Mean (SD) 
Year 20 
Mean (SD) 
Year 25 
Mean (SD) 
N 5,071 4,006 3,895 3,644 3,510 3,446 
Age (years) 24.8 (3.7) 32.0 (3.6) 35.0 (3.7) 40.2 (3.6) 45.2 (3.6) 50.2 (3.6) 
Gender (%)       
   Male 2,304 (45) 1,832 (46) 1,748 (45) 1,615 (44) 1,519 (43) 1,503 (44) 
   Female 2,767 (55) 2,174 (54) 2,147 (55) 2,029 (56) 1,991 (57) 1,943 (56) 
Race (%)       
   Black 2,612 (52) 1,940 (48) 1,903 (49) 1,718 (47) 1,633 (47) 1,609 (47) 
   White 2,459 (48) 2,066 (52) 1,992 (51) 1,926 (53) 1,877 (53) 1,837 (53) 
Education (years) 13.8 (2.3) 14.5 (2.5) 14.6 (2.6) 14.9 (2.5) 15.0 (2.6) 15.1 (2.7) 
Education Category (%)       
   ≤High School Degree         2,011 (40) 1,160 (29) 1,144 (30) 834   (23) 837   (24) 771 (22) 
   Some College/             
/Associate’s Degree 1,676 (33) 1,216 (31) 1,096 (28) 1,134 (31) 955   (27) 957 (28) 
   ≥Bachelor’s Degree    1,384 (27) 1,606 (40) 1,633 (42) 1,665 (46) 1,703 (49) 1,706 (50) 
Unemployed (%) 1,405 (28) 900   (23) 814   (21) 732   (20) 780   (22) 1,123 (33) 
Married (%) 1,130 (22) 1,737 (44) 1,906 (49) 2,187 (60) 2,194 (63) 2,109 (62) 
Lives with Children (%) 1,355 (27) 1,934 (49) 2,110 (55) 2,174 (60) 2,012 (58) 1,703 (50) 
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Table 2-1 Continued 
 Year 0 
Mean (SD) 
Year 7 
Mean (SD) 
Year 10 
Mean (SD) 
Year 15 
Mean (SD) 
Year 20 
Mean (SD) 
Year 25 
Mean (SD) 
Household Income (in 
$10,000s)a 
5.7 (3.7) 4.7   (3.0) 4.9   (2.9) 6.9   (4.6) 6.8   (4.3) 6.3 (4.1) 
Current Alcohol Use (%) 4,366 (86) 3,271 (82) 3,092 (80) 2,878 (79) 2,713 (79) 2,676 (78) 
Current Smoker (%) 1,545 (31) 1,087 (27) 1,001 (26) 805   (22) 687   (20) 597 (17) 
100% Smoking Bans Exposure:2       
   Restaurant (%) 0 (0) 0 (0) 17 (<1) 923 (25) 1,085 (31) 2,760 (80) 
   Bar (%) 0 (0) 0 (0) 2 (<1) 916 (25) 1,022 (29) 2,428 (71) 
Among Participants Who Ever 
Smoked During Follow-up:  
1,913 1,468 1,419 1,284 1,200 1,200 
Average # Cigarettes Smoked 
Per Day 
10.6 (9.7) 9.7   (9.9) 9.1   (9.5) 7.7   (9.5) 6.8   (9.1) 5.5 (7.8) 
Smoking Intensity Category (%)       
   <10 cigarettes per day 922 (48) 782   (53) 780   (55) 812   (63) 816   (68) 870 (73) 
   ≥10 cigarettes per day 991 (52) 686   (47) 639   (45) 472   (37) 384   (32) 330 (27) 
Among Current Smokers: 1,545 1,087 1,001 805 687 597 
Tried to Quit Smoking in Past 
(2,3,5) Years (%)b 
922 (60) 549   (51) 518   (52) 483   (60) 431   (63) 367 (62) 
 
aHousehold income converted to 2000 US dollars using the Consumer Price Index 
bAt baseline, participants were asked about quit attempts in the past 2 years. At follow-up exams, quit attempts since the past exam were 
assessed. 
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Table 2-2. Association of 100% Hospitality Smoking Bans with Within-Person Change in 
Smoking Risk, Smoking Intensity, and Quit Attempts, The Coronary Artery Risk Development in 
Young Adults Study (1985-2011)a,b 
 
Effect of a 100% Hospitality Smoking Ban on: Risk Ratio 
(95% Confidence Interval) 
  
Current smoking (versus not current smoking)- N=1,732  0.92 (0.87, 0.97) 
Smoking intensity (average number of cigarettes smoked per 
day: ≥10 versus <10 per day) among participants who ever 
smoked during follow-up- N=1,197 
0.91 (0.83, 0.99) 
Quit attempt (any versus none) by current smokers- N=1,153 1.10 (1.02, 1.19) 
 
a100% smoking bans mandated that all bars and restaurants be completely smoke-free with no 
exceptions. Exposure was lagged by 1 year to ensure temporality. 
bEstimated using fixed effects Poisson models with robust variance estimates. Models were 
adjusted for the following time-varying covariates: time since baseline, age, education, marital 
status, employment status, income, living with children, and current alcohol use. Interactions 
between time-invariant variables (sex and race) and time since baseline were retained for current 
smoking and smoking intensity to allow the associations of these variables with the outcome to 
change over time (p-value for interactions <0.05). Conditional fixed effects models only include 
participants with a change in the outcome over the follow-up period. 	
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Figure 2-1. Association of 100% Smoking Bans with Within-Person Changes in Smoking 
Outcomes, by Educational Attainment, Sex, and Income, The Coronary Artery Risk Development 
in Young Adults Study (1985-2011). Relative risks estimated using fixed effects Poisson models 
with robust variance estimates and adjusted for time-varying covariates: time since baseline, age, 
marital status, employment status, education, income, living with children, and current alcohol 
use. P-values from interaction terms between covariate and hospitality smoking bans. Participants 
were linked to smoking ban exposures at the census tract level. 
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CHAPTER 3: CROSS-SECTIONAL AND LONGITUDINAL ASSOCIATIONS OF 
LOCAL CIGARETTE PRICES AND SMOKING BANS WITH SMOKING 
BEHAVIOR IN THE MULTI-ETHNIC STUDY OF ATHEROSCLEROSIS  
	
ABSTRACT 
BACKGROUND: Few studies have examined the association of geographically proximal 
cigarette prices with within-person changes in smoking outcomes, or assessed 
interactions between cigarette prices and smoking bans. 
METHODS: Cigarette prices from chain supermarkets and drug stores (2001-2011) and 
bar/restaurant smoking ban policies were linked to individual-level data from the Multi-
Ethnic Study of Atherosclerosis (MESA, N=4,884 U.S. adults) using geocoded 
participant addresses and a 3-mile buffer. We assessed cross-sectional associations of a 
$1 higher cigarette pack price with prevalence of current smoking, heavy smoking (≥10 
cigarettes/day versus <10), and smoking relapse in MESA year 10 using modified 
Poisson models. Econometric fixed effects models assessed the association of a $1 
increase in cigarette price with within-person change in outcomes. We tested interactions 
between cigarette price and smoking ban exposures. 
RESULTS: Average cigarette pack price increased from $4.81 to $6.88 over follow-up. 
A $1 higher price was cross-sectionally associated with lower prevalence of current 
smoking [prevalence ratio (PR): 0.88, 95% confidence interval (CI): 0.77, 1.01] and 
heavy smoking [0.77 (0.62, 0.95)] in MESA year 10. A $1 increase in cigarette price was 
associated with a reduction in risk of current smoking [risk ratio (RR): 0.97, 95% CI: 
0.93, 1.01], heavy smoking [0.93 (0.87, 0.99)] and relapse [0.72 (0.56, 0.94)]. We found 
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weaker cross-sectional negative associations of higher price with less heavy smoking 
among participants living in areas where bans had been in place for a longer time (p for 
interaction: 0.1). 
CONCLUSIONS: Results underscore the importance of geographically proximal prices 
in influencing smoking behaviors among middle-aged to older adults.  
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INTRODUCTION 
Cigarette smoking remains a major public health problem in the United States, 
resulting in approximately 480,000 deaths per year from chronic diseases [4]. Smoking 
prevalence has declined over time; however, an estimated 18% of U.S adults smoked as 
of 2012 [83]. Reductions in smoking prevalence have been attributed in part to excise tax 
policies that increase cigarette prices [47]. “Excise taxes” are indirect taxes levied on 
tobacco producers/vendors under the assumption that additional costs will be passed to 
consumers. In the U.S., excise taxes have been levied at the federal, state, and local level 
and have increased over time. Prior studies found that excise taxes encourage smoking 
cessation and reduce cigarette consumption [47], with price elasticities of -0.1 to -0.6 
indicating that a 10% increase in price would reduce per capita tobacco consumption 
between 1% and 6% [27, 47-50].   
Most prior studies of cigarette prices/taxes and smoking outcomes have used 
repeat cross-sectional data to assess price elasticity or changes to smoking prevalence 
[27, 46, 49-54]. However, longitudinal cohorts are better suited to examine associations 
of cigarette prices with within-person changes in smoking behavior. In addition, few 
studies have used data at a smaller geographic scale to assess associations of prices with 
individual smoking behavior. Most prior studies have used state-level average cigarette 
prices or taxes to examine associations with smoking [27, 36, 46, 51, 53, 54]. However, 
several prior studies found substantial variation in cigarette prices within states and 
counties [55-57]. In addition, prior work suggests geographically proximal exposures 
may be important determinants of smoking behavior- for example, individuals who lived 
closer to stores licensed to sell tobacco were less likely to quit smoking than those living 
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farther away [58, 59]. Thus, the tobacco retail environment near peoples’ homes may 
have a meaningful impact on their smoking behavior, and geographically proximal 
cigarette prices may better reflect the prices to which they are exposed than state-level 
averages. 
Tobacco tax increases are only one of several macro-level tobacco control 
strategies that have been implemented in the U.S. Legislation banning smoking in indoor 
public places, such as bars and restaurants, has become increasing common [4, 17]. 
While prior studies have found that smoking bans reduce smoking prevalence among 
U.S. adults [21-23, 85],}, these studies often included only a single city [21-23]. In 
addition, few studies have examined whether there is a synergistic interaction between 
cigarette prices and smoking ban policies [60].  
 To address these knowledge gaps, we linked data from a novel commercial price 
dataset of cigarette prices from chain grocery and drug stores to longitudinal individual-
level data from the Multi-Ethnic Study of Atherosclerosis to evaluate the association of 
geographically proximal cigarette price exposures with smoking outcomes. Specifically, 
we assessed the association of cigarette prices at nearby chain grocery and drug stores 
with the prevalence of current smoking, heavy smoking, and smoking relapse cross-
sectionally, as well as the association of changes in cigarette price with within-person 
change in the risk of these outcomes over time. Finally, in an exploratory analysis, we 
examined the main effect of bans in this cohort and whether price associations with 
smoking differed by exposure to bar/restaurant smoking ban legislation.  
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METHODS 
Price Data 
Cigarette pricing data came from Information Resources Inc.’s (IRI, Symphony 
Technology Group, Chicago, IL) Academic Dataset, a panel of large chain supermarkets 
and drug stores covering 41 states and 47 U.S. market regions [104]. The current study 
includes 896 stores. IRI compiled weekly prices and sales data for cigarette products 
from 2001-2010. While cigarette prices were available for all Universal Produce Codes 
sold at each store, we restricted the sample to the most frequently sold items in order to 
reduce variation in price due to varying cigarette lengths and package sizes: single packs 
of king-sized and long-sized cigarettes (comprising 99% of sales). Cigarette prices 
included excise taxes but not sales tax.  
Adapting methods developed by others [105], dollar and unit sales were 
aggregated from Universal Product Codes to standardized brand names at each store 
location. Brand-level dollar and unit sales were used to create weights reflecting the 
proportion of sales made up by each brand at that store over the entire study period. 
These weights were used to calculate the weighted average price of a pack of cigarettes at 
each store in each week, accounting for varying sale volumes of different brands. All 
prices were inflated to 2010 dollars based on the US Bureau of Labor and Statistics 
Consumer price index [106]. 
  
Study Population 
The study population was the Multi-Ethnic Study of Atherosclerosis (MESA), a 
longitudinal cohort of 6,814 adults aged 44-84 at enrollment. Participants were sampled 
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from six U.S. sites (Los Angeles, CA, Manhattan and Bronx, NY, St. Paul, MN, Chicago, 
IL, Baltimore, MD, and Forsyth County, NC) and the baseline exam was conducted in 
2000-2002. Four follow-up exams were conducted between 2002 and 2012 (retention 
rates: 92.4% at year 2, 89.2% at year 3, 86.8% at year 5, and 75.7% at year 10). The 
Institutional Review Board at each site approved the study, and all participants provided 
informed consent. The MESA Neighborhood Study was an ancillary study to MESA that 
included 6,191 participants (91% of the baseline sample). All residential addresses from 
baseline through year 10 were geocoded. We excluded participants who were missing 
data on smoking outcomes (N=53) and key covariates (N=33) and with low geocoding 
accuracy (not at street-level or zip+4 centroid level, N=23). In addition, we included only 
participants who had at least one store from the IRI dataset within a 3-mile buffer of their 
residence at a given exam (N=4,884). A 3-mile buffer was chosen because prior research 
indicates smokers are willing to travel up to 3 miles in order to save $1 on a pack of 
cigarettes [107]. Similarly, food and alcohol purchasing studies indicate that 2-3 miles is 
a typical distance people travel to purchase these products [108-111]. Using a 3-mile 
buffer retained a high proportion of the study population (>70%) and did not drastically 
alter the demographic composition of the study sample (Appendix B Table 1). We 
included data from all 5 exams, and included all person-years of data meeting eligibility 
criteria (e.g., if a participant had a store from the dataset within the 3-mile buffer for 
exams 1-2 but then moved to an area with no included stores for exams 3-5, only their 
data from exams 1-2 would be included). In addition, we confirmed that results were 
generally insensitive to alternate buffer sizes (5 miles and 2 miles, Appendix B Table 2). 
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Linkage of Cigarette Prices to MESA Participants 
Cigarette prices were linked to MESA participants using the following steps: 
First, all stores in the IRI dataset within a 3-mile radius of each MESA participant's 
residence at each exam date were identified using latitude and longitude coordinates in 
ArcGIS. Then, for each participant at each exam, we calculated a 12-month exposure 
period that ended on the exam date. For each participant at each exam, we calculated the 
average cigarette pack price at each store by extracting weekly prices from all weeks in 
that 12-month exposure period and calculating the average. These store-level average 
prices were then averaged so that at each exam, each participant was assigned a price 
value reflecting the average price of a pack of cigarettes across all stores within a 3-mile 
buffer of their residence.   
 
Outcomes 
Outcomes included smoking status, intensity, and relapse. Smoking status was 
assessed using the following questions: “Have you smoked at least 100 cigarettes in your 
lifetime?” and “Have you smoked cigarettes in the last 30 days?” [112, 113] We 
dichotomized smoking status to current smoker versus non-current smoker. Smoking 
intensity was assessed by asking “On average, how many cigarettes a day do/did you 
smoke?” In analyses of smoking intensity, we restricted to the subset of the study sample 
who ever reported being current smokers during the study period (N=633) and coded 
intensity to 0 in years where these ever smokers reported not currently smoking. Smoking 
intensity was dichotomized to at least half a pack (≥10) of cigarettes per day (i.e. ‘heavy’ 
smoking) versus less than 10 cigarettes per day. Smoking relapse was defined as 
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reporting current smoking at a later exam subsequent to reporting not currently smoking 
at an earlier exam. 
 
Covariates 
Time-invariant covariates included gender, race/ethnicity (White, African 
American, Hispanic, Chinese), and education (categorized as high school or less, some 
college/technical school/Associate’s degree, Bachelor’s degree or higher). Time-varying 
covariates collected at each exam included years of follow-up, age, marital status 
(married/living with partner versus unmarried), employment status (employed versus 
unemployed), alcohol use (current versus non-current) and income (converted from a 13-
category item with categories ranging from <$5,000 to >$100,000 to a continuous 
variable based on the midpoint of each category). Income was inflated to 2010 U.S. 
dollars and divided by the number of members of the household to reflect inflation-
adjusted per capita income. 
Area-level covariates included state of residence and neighborhood 
socioeconomic status, which was evaluated at each exam as a composite measure created 
by summing z-scores from several census variables: log median housing value, percent 
with a high school education, percent with a bachelor’s degree, percent in a managerial 
occupation, log median household income, and percent with interest/dividend income 
[114]. A higher score indicated higher neighborhood socioeconomic status. 
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Smoking Ban Exposures 
Local, county, and state smoking ban laws came from the American Non-
Smokers Rights Foundation (ANRF) Local Ordinance Database [89], a comprehensive 
dataset of all state, county, and city-level 100% smoking bans in the U.S. Legislation had 
to ban smoking in attached bars and separately ventilated rooms to be considered 100% 
smoke-free. We focused on laws prohibiting smoking in restaurants and bars because 
survey data indicates that many non-hospitality workplaces voluntarily banned indoor 
smoking well in advance of legislation banning smoking in all non-hospitality 
workplaces [91]. 
 Participants were assigned to smoking ban exposure status at each MESA exam 
date based on their current census block group of residence. State-county-block group 
Federal Information Processing Standard (FIPS) codes were assigned to census place 
names (via the Missouri Census Data Center's MABLE/Geocorr Geographic 
Correspondence [90]) and then place names and state/county FIPS codes were linked to 
state, county, and city smoking bans in the ANRF database. We calculated the time in 
years since participants first became exposed to smoking ban legislation using months 
lived at each address and dates that bans were implemented. We assigned smoking ban 
exposure status (exposed versus unexposed) based on a 1-year lag to ensure that policy 
changes preceded outcome measurement. When a participant's block group encompassed 
multiple municipalities or unincorporated areas, participants were assigned an exposure 
probability ranging from 0-1 reflecting the proportion of the block group population 
residing in municipalities with a smoking ban, according to the most recent census.  
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Statistical Analysis 
We examined the distribution of cigarette prices, smoking outcomes, and socio-
demographic characteristics of the study sample over the 10-year study period. In cross-
sectional models, we used modified Poisson regression with robust variance estimates to 
calculate the prevalence ratio of current smoking associated with a $1 higher price of a 
pack of cigarettes in year 10 (N=2,774). We also used modified Poisson regression to 
assess the association of cigarette price with heavy smoking (≥10 cigarettes versus <10) 
and smoking relapse among the subset of the population who reported being current 
smokers at some point during follow-up (N=343). Models were adjusted for participant 
age, sex, race, education, marital status, employment status, income, alcohol use, 
neighborhood socioeconomic status, and state of residence.   
In order to estimate the association of an increase in cigarette prices with within-
person changes in smoking behaviors, we used longitudinal models with subject fixed 
effects. Fixed effects models treat each individual as his/her own control, and estimate 
the association of within-person change in an exposure with within-person change in the 
outcome. This approach controls for all time-stable individual-level characteristics, both 
observed and unobserved. Standard errors were clustered by subject. We used modified 
Poisson models for all 3 outcomes to estimate the relative risk of these outcomes 
associated with a $1 increase in cigarette price. As fixed effects models include only 
participants who have a change in the outcome during follow-up, the number of 
participants included in the model differed for each outcome (current smoking: N=578; 
heavy smoking: N=344; relapse: N=118). 
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As fixed effects models control for measured and unmeasured time-invariant 
covariates through the subject fixed effect, we adjusted models for time-varying 
covariates only: time since baseline (years), age, marital status, employment status, 
income, alcohol use, and neighborhood socioeconomic status. Preliminary analyses 
attempted to include state dummy variables but the data could not support that 
specification and models failed to converge. Interactions between time-invariant 
characteristics (sex, race, study site) and time were tested and retained if significant at the 
p<0.05 level. Sex*time interactions were retained in heavy smoking models.  
In an exploratory analysis, we repeated these models and added smoking ban 
exposure as an independent variable to determine the independent associations of price 
and smoking ban policy exposures with outcomes. In cross-sectional models, we used the 
number of years since the participant first became exposed to a bar/restaurant smoking 
ban, as >90% of the study sample was exposed at that point. In longitudinal models, we 
included time-varying smoking ban exposure status (exposed versus unexposed). To 
evaluate whether cigarette prices had a stronger effect on smoking outcomes in 
combination with bar and restaurant smoking ban policies, we tested interactions between 
cigarette price and these smoking ban exposures. In addition, we calculated stratified 
measures: in cross-sectional models in year 10, we calculated prevalence ratios for price 
among participants exposed to bans for <5 years and ≥5 years; in longitudinal models, we 
calculated relative risks for price among participants exposed and unexposed to bans. All 
analyses were completed using Stata version 13.1 (StataCorp, College Station, TX).   
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RESULTS 
Table 3-1 describes characteristics of the study population over 10 years of 
follow-up (mean follow-up length: 7.2 years). Current smoking prevalence declined from 
11% to 7%, and the average number of cigarettes smoked per day by ever smokers 
declined from 11.4 to 8.1. The proportion of ever smokers who smoked at least a half a 
pack per day declined from 52% to 30%. The average price of a pack of cigarettes at 
stores in a 3-mile buffer of participants’ residences was $4.81 at baseline (range $3.28 to 
$6.05) and $6.88 (range $4.18 to $11.12) at year 10 (Table 3-2).  The number of stores 
within the buffer remained fairly constant over time (median 4 or 5, range 1-34). Prices 
varied both within and between study sites (Table 3-2); the ranges were typically widest 
in year 10.  
 
Cross-sectional Associations of Cigarette Pack Price 
 In cross-sectional models (Table 3-3), a $1 higher cigarette pack price was 
associated with a 12% lower prevalence of current smoking in the fully adjusted model 
(prevalence ratio (PR): 0.88, 95% confidence interval (CI): 0.77, 1.01). In addition, a $1 
higher cigarette price was associated with a 23% lower prevalence of heavy smoking 
(half a pack per day or greater) (PR: 0.77, 95% CI: 0.62, 0.95). There was no evidence of 
a cross-sectional association between cigarette price and relapse.  
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Longitudinal Associations of Cigarette Pack Price 
In fixed effects models (Table 3-4), a $1 increase in cigarette price was associated 
with a weak reduction in the risk of current smoking (3% reduction; risk ratio (RR): 0.97, 
95% CI: 0.93, 1.01), adjusted for time-varying socio-demographic characteristics and 
neighborhood socioeconomic status. Stronger associations were found for heavy smoking 
and relapse- a $1 increase in price was associated with a 7% reduction in the risk of 
heavy smoking and with a 28% reduction in the risk of smoking relapse (RR: 0.93, 95% 
CI: 0.87, 0.99 and RR: 0.72, 95% CI: 0.56, 0.95, respectively). In sensitivity analyses that 
varied the buffer, results were largely consistent (Appendix B Table 2).  
 
Bar and Restaurant Smoking Bans- Independent and Interactive Associations 
In models that assessed the independent associations of cigarette prices and 
smoking bans, the associations of price with smoking outcomes were similar to those 
from previous models (Table 3-5). In the cross-sectional model, a longer exposure to 
smoking bans was negatively associated with current smoking (PR: 0.91, 95% CI: 0.80, 
1.05), although the confidence interval crossed the null, while in longitudinal models 
there was no evidence of an association. Smoking ban exposure was negatively 
associated with relapse only in cross-sectional models (PR: 0.74, 95% CI: 0.57, 0.96). 
There was no evidence of association with bans and heavy smoking. In models that 
included smoking ban exposure alone (not adjusted for average cigarette price), results 
were similar.  
Results suggested a cross-sectional interaction between cigarette prices and 
smoking bans for heavy smoking (p for interaction: 0.1) but not for other outcomes or 
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models (p for interaction ≥0.2). In the cross-sectional model, each additional year of 
smoking ban exposure attenuated the negative main effect between price and heavy 
smoking (PR interaction: 1.06, 95% CI: 0.98, 1.15), suggesting a weaker price effect 
when bans had been in place longer. In stratified models, the prevalence ratio for a $1 
higher cigarette price was 0.50 (95% CI: 0.32, 0.76) among those who had been exposed 
to bans for <5 years, and 0.84 (0.68, 1.04) among those exposed to bans for ≥5 years. 
 
DISCUSSION 
In a large cohort of U.S. adults, cigarette prices were consistently negatively 
associated with current and heavy smoking in both cross-sectional and longitudinal 
models. An increase in cigarette price was negatively associated with smoking relapse in 
longitudinal models only. We found limited evidence of interactions between cigarette 
prices and bar/restaurant smoking ban policies: only a cross-sectional interaction for 
heavy smoking suggesting the price effect was weaker in areas where smoking bans had 
been in place longer.  
Our finding that higher cigarette prices were associated with reductions in current 
smoking is consistent with prior research [27, 46, 50-54, 115]. Similarly, our finding for 
heavy smoking is consistent with studies that found cigarette prices or taxes to be 
associated with reduced cigarette consumption [27, 46, 49, 50, 52, 53, 116]. An important 
difference between our study and prior work is that most prior studies used either repeat 
cross-sectional or aggregate time-series data to examine associations of price with 
smoking [27, 46, 49-54], while our study examined within-person changes among the 
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same people over time. Finally, while few studies have examined the association of 
cigarette prices with relapse, two longitudinal cohort studies similarly found prices to be 
negatively associated with relapse [117, 118], although our results should be interpreted 
with caution given the small number of MESA participants relapsing. 
 Our findings regarding the independent associations of cigarette prices and 
smoking bans in hospitality venues contrasted somewhat with a recent study by Vuolo et 
al that linked longitudinal data from young adults to excise taxes and smoking ban 
policies [35]. In that study, taxes were negatively associated with heavy smoking but not 
current smoking, while we found negative associations with both outcomes. In addition, 
Vuolo et al found that smoking bans were negatively associated with current, but not 
heavy, smoking, likely because of an effect on light or “social” smokers. The lack of 
association between bar/restaurant smoking bans and current smoking in our study may 
be explained by differences in the study population- the study by Vuolo et al included 
young adults who might frequent bars and restaurants more frequently than the older 
MESA population [119], leading to a higher level of exposure to these policies.  
 As tobacco policies are often multi-faceted, it is important to identify whether 
policies have a synergistic effect in order to inform policy implementation for maximum 
benefit. However, few studies have examined interactions between cigarette prices and 
smoking bans, limiting opportunities for comparison with our results. Vuolo et al found 
that cigarette excise taxes were negatively associated with current smoking only in cities 
without smoking bans [35]. Similarly, we identified a potential cross-sectional interaction 
where the association of price with heavy smoking was weaker in areas where smoking 
bans had been in place longer. Given that we found no other interactions for other 
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outcomes or model types, our results suggest that the addition of a smoking ban does not 
strengthen the negative association between price and older adult smoking outcomes. 
Strengths of this study include the longitudinal study design that enabled 
examination of within-person behavior change, a long follow-up period (10 years), a 
diverse sample with detailed covariate information including neighborhood 
socioeconomic status, and the use of actual prices from stores geographically proximal to 
participants (rather than state average prices/taxes). However, this study had several 
limitations. First, the price dataset included only chain grocery and drug store prices. We 
were unable to include prices from other venues where people buy cigarettes including 
convenience stores or gas stations. Second, small sample size limited our power to detect 
interactions between cigarette prices and smoking ban exposures, and findings for 
smoking relapse should be interpreted with caution given the small number of 
participants who relapsed during follow-up. Finally, smoking was relatively uncommon 
in MESA given the study enrolled middle aged adults who were free of cardiovascular 
disease, limiting the number of participants with changes to smoking outcomes over 
follow-up. 
 
CONCLUSIONS   
Among middle-aged to older U.S. adults, higher cigarette prices were associated 
with lower prevalence of current and heavy smoking, and price increases with reduced 
risk of current smoking, heavy smoking, and relapse. While both smoking bans and 
cigarette excise taxes are increasingly common tobacco control tools, we found no 
evidence that the two policies had a synergistic effect, and our findings suggested a 
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weaker association of cigarette price in places where smoking bans had been in place 
longer. Results reinforce the importance of higher prices as a smoking deterrent among 
older adults. 
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TABLES AND FIGURES 
Table 3-1. Characteristics of Participants with an Eligible Store from the Information Resources 
Inc (IRI) Academic Dataset within a 3-Mile Buffer of their Current Residence, The Multi-Ethnic 
Study of Atherosclerosis 2000-2012 (N=4884 total) 
Sample Characteristics 
Year 0, 
Exam 1 
Year 2, 
Exam 2 
Year 3, 
Exam 3 
Year 5, 
Exam 4 
Year 10, 
Exam 5 
N  3507 4065 4028 3685 2877 
Demographic 
Characteristics           
Mean age (SD) 62.0 (10.2) 63.2 (10.0) 64.6 (10.0) 66.1 (9.9) 69.7 (9.5) 
Gender (%)           
   Male 1660 (47.3) 1897 (46.7) 1878 (46.6) 1723 (46.8) 1320 (45.9) 
   Female 1847 (52.7) 2168 (53.3) 2150 (53.4) 1962 (53.2) 1557 (54.1) 
Race (%)           
   White 1325 (37.8) 1679 (41.3) 1698 (42.2) 1633 (44.3) 1280 (44.5) 
   Chinese  629 (17.7) 669 (16.5) 645 (16.0) 518 (14.1) 346 (12.0) 
   Black/African     
   American 645 (18.4) 746 (18.4) 781 (19.4) 710 (19.3) 603 (21.0) 
   Hispanic 914 (26.1) 971 (23.9) 904 (22.4) 824 (22.4) 648 (22.5) 
Education (%)           
   High school graduate  
   or less 1309 (37.3) 1441 (35.4) 1387 (34.4) 1263 (34.3) 907 (31.5) 
   Some college or  
   Associate’s degree 981 (28.0) 1153 (28.4) 1137 (28.2) 1020 (27.7) 818 (28.4) 
   Bachelor's or  
   Graduate degree 1217 (34.7) 1471 (36.2) 1504 (37.3) 1402 (38.1) 1152 (40.0) 
Currently employed (%) 1930 (55.0) 2156 (53.0) 2092 (51.9) 1840 (49.9) 1276 (44.4) 
Mean inflation-adjusted 
per capita annual 
household income, in 
increments of 10,000 
(SD)a 2.5 (2.1) 2.6 (2.1) 2.6 (2.0) 2.5 (1.9) 2.6 (1.9) 
Currently married (%) 2172 (61.9) 2538 (62.4) 2530 (62.8) 2321 (63.0) 1689 (58.7) 
Health Behaviors           
Current Alcohol Use (%) 1944 (55.4) 2067 (50.9) 2003 (49.7) 1717 (46.6) 1260 (43.8) 
Smoking Status (%)           
   Never smoker 1847 (52.7) 1961 (48.2) 1912 (47.5) 1696 (46.0) 1319 (45.9) 
   Former smoker 1260 (35.9) 1678 (41.3) 1710 (42.4) 1647 (44.7) 1353 (47.0) 
   Current smoker 400 (11.4) 426 (10.5) 406 (10.1) 343 (9.3) 205 (7.1) 
Mean number of 
cigarettes smoked per day 
by ever smokersb (SD) 11.4 (10.1) 9.2 (9.1) 9.5 (9.7) 8.5 (9.3) 8.1 (20.4) 
Percent of ever smokers 
smoking ≥10 cigarettes 
per day 236 (51.5) 254 (47.9) 242 (46.1) 192 (40.3) 106 (30.1) 
Percent of ever smokers 
relapsingc --- 25 (4.7) 34 (6.5) 37 (7.8) 24 (6.8) 
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Table 3-1 Continued 
Sample Characteristics 
Year 0, 
Exam 1 
Year 2, 
Exam 2 
Year 3, 
Exam 3 
Year 5, 
Exam 4 
Year 10, 
Exam 5 
Area-level 
Characteristics           
Mean neighborhood 
socioeconomic score 
(SD) 0.21 (6.40) 0.70 (6.10) 1.39 (5.71) 2.47 (4.97) 1.53 (4.63) 
Study Site           
   North Carolina 416 (11.9) 489 (12.0) 478 (11.9) 455 (12.3) 374 (13.0) 
   New York 713 (20.3) 712 (17.5) 673 (16.7) 626 (17.0) 626 (21.8) 
   Maryland 290 (8.3) 451 (11.1) 450 (11.2) 416 (11.3) 303 (10.5) 
   Minnesota 728 (20.8) 822 (20.2) 791 (19.6) 732 (19.9) 558 (19.4) 
   Illinois 577 (16.5) 621 (15.3) 716 (17.8) 659 (17.9) 559 (19.4) 
   California 783 (22.3) 970 (23.9) 920 (22.8) 797 (21.6) 457 (15.9) 
Exposed to 100% 
bar/restaurant smoking 
ban (%) 654 (18.7) 965 (23.7) 1382 (34.3) 1448 (39.3) 2674 (92.9) 
Mean number of years 
exposed to bar/restaurant 
smoking ban (SD) 0.7 (1.4) 1.3 (2.2) 1.8 (2.8) 2.3 (3.4) 5.7 (3.8) 
 
aIncome adjusted for inflation to 2010 US Dollars 
 
b“Ever smokers” were those participants who reported being current smokers during at least one 
exam during follow-up 
 
cRelapse defined as being a current smoker at the current exam and a former smoker at the 
previous exam   
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Table 3-2. Cigarette Prices at Stores within 3-mile Buffer of Participants’ Residences Over 
Follow-up, The Multi-Ethnic Study of Atherosclerosis 2000-2012 (N=4884)a,b 
 
 Year 0, 
Exam 1 
Year 2, 
Exam 2 
Year 3, 
Exam 3 
Year 5, 
Exam 4 
Year 10, 
Exam 5 
Median # stores (range) 
 5 (1-34) 4 (1-34) 4 (1-34) 5 (1-34) 5 (1-34) 
Mean price of pack of 
cigarettes across all stores 
within participant’s buffer 
(SD)  
$4.81 
($0.60)  
 
$5.13 
($0.97)  
 
$4.95 
($1.06) 
 
$5.24 
($1.11)  
 
$6.88 
($1.67)  
 
     Range 
 
$3.28-
$6.05 
 
$3.12-
$7.86 
 
$2.97-
$7.70 
 
$3.12-
$8.03 
 
$4.18-
$11.12 
 
By Study Site:       
North Carolina- Mean (SD) $3.78 
($0.43) 
$3.78 
($0.43) 
$3.53 
($0.44) 
$3.70 
($0.39) 
$4.93 
($0.47 
     Range 
 
 
$3.28-
$4.62 
 
$3.12-
$4.69 
 
$2.98-
$4.25 
 
$3.12-
$4.39 
 
$4.31-
$5.76 
 
New York- Mean (SD) $5.13 
($0.25) 
$6.68 
($0.60) 
$6.37 
($0.58) 
$6.29 
($0.62) 
$7.94 
($1.97) 
     Range 
 
 
$5.04-
$5.86 
 
$5.36-
$7.67 
 
$4.95-
$7.37 
 
$4.70-
$7.01 
 
$5.20-
$11.12 
 
Maryland- Mean (SD) $4.68 
($0.28) 
$4.89 
($0.25) 
$4.73 
($0.17) 
$4.61 
($0.14) 
$6.93 
($0.60) 
     Range 
 
 
$3.82-
$5.23 
 
$4.39-
$5.34 
 
$4.27-
$5.12 
 
$4.12-
$5.04 
 
$6.09-
$7.95 
 
Minnesota- Mean (SD) $4.33 
($0.10) 
$4.28 
($0.14) 
$3.76 
($0.10) 
$4.78 
($0.43) 
$6.02 
($0.13) 
     Range 
 
 
$4.08-
$4.75 
 
$3.83-
$4.72 
 
$3.35-
$3.94 
 
$3.88-
$5.41 
 
$5.41-
$6.28 
 
Illinois- Mean (SD) $5.45 
($0.33) 
$5.50 
($0.32) 
$5.85 
($0.35) 
$6.79 
($0.47) 
$8.78 
($0.79) 
     Range 
 
 
$4.50-
$5.92 
 
$4.62-
$6.03 
 
$4.29-
$6.65 
 
$4.48-
$8.03 
 
$5.66-
$9.56 
 
California- Mean (SD) $5.09 
($0.29) 
$5.26 
($0.25) 
$5.08 
($0.27) 
$4.78 
($0.34) 
$5.85 
($0.55) 
     Range 
 
$4.30-
$6.05 
$4.61-
$6.11 
$4.19-
$5.59 
$4.02-
$5.49 
$4.90-
$7.25 
 
aAll prices adjusted for inflation to 2010 U.S. dollars 
 
bMean prices for each study site in years 2-10 calculated from only those participants who still 
lived in the counties from which participants were recruited in a given follow-up year (N=3507 in 
year 0, 4030 in year 2, 3971 in year 3, 3600 in year 5, 2781 in year 10) 
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Table 3-3. Cross-sectional Associations between a $1 Higher Cigarette Pack Price at Stores 
within a 3-mile Buffer and Smoking Outcomes- The Multi-Ethnic Study of Atherosclerosis 2010-
2012 (Year 10)a, 
Association of a $1 higher cigarette pack price with: Prevalence Ratio (95% Confidence Interval) 
Current smoking (current versus not current)- N=2774 
 
0.88 (0.77, 1.01) 
 
Heavy smoking (≥10 cigarettes per day versus <10) among 
participants who ever smoked during follow-up- N=343 
 
0.77 (0.62, 0.95)   
  
 
Relapse (versus no relapse) among participants who ever 
smoked during follow-up - N=343 
 
0.90 (0.62, 1.32)   
 
 
aEstimated using modified Poisson regression with robust variance estimates. Models adjusted for 
age, sex, race, education, marital status, income, employment, alcohol use, neighborhood 
socioeconomic status and state of residence 
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Table 3-4. Association of a $1 Increase in Cigarette Pack Price at Stores within a 3-Mile Buffer 
with Within-Person Change in Smoking Outcomes, The Multi-Ethnic Study of Atherosclerosis 
2000-2012a 
Association of a $1 increase cigarette pack price with: Risk Ratio (95% Confidence Interval) 
Current smoking (current versus not current)- N=578 
 
0.97 (0.93, 1.01) 
 
Heavy smoking (≥10 cigarettes per day versus <10) - N=344 
 
0.93 (0.87, 0.99) 
 
 
Relapse (versus no relapse) follow-up- N=118 
0.72 (0.56, 0.94) 
 
 
aEstimated using fixed effects Poisson models with robust variance estimates. Conditional fixed 
effects models only include participants with a change in the outcome over the follow-up period.  
Models adjusted for time since baseline and time-varying age, income, marital status, 
employment status, current alcohol use, and neighborhood socioeconomic status. Interactions 
between time-invariant covariates and time were retained if significant at the p<0.05 level to 
allow associations with the outcome to vary over time (sex*time was retained in the smoking 
intensity model) 
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Table 3-5. Independent and Interactive Associations of Cigarette Price and Bar/ Restaurant 
Smoking Bans, The Multi-Ethnic Study of Atherosclerosis 2000-2012 
A) Cross-sectional Models in Year 10a,b 
 Prevalence Ratio of Current Smoking (95% CI)  N=2774 
 Model 1 Model 2 Model 3 
$1 higher cigarette price --- 0.89 (0.77, 1.02) 0.91 (0.78, 1.07) 
1 additional year exposed 
to smoking ban 
0.91 (0.80, 1.03) 0.91 (0.80, 1.05) 0.93 (0.80, 1.07) 
Price x Ban interaction --- --- 0.98 (0.92, 1.04) 
   Interaction p-value --- --- 0.4 
Association of price when 
exposed to ban for:  
   
   <5 years --- --- 0.92 (0.68, 1.24) 
    ≥5 years --- --- 0.87 (0.74, 1.01) 
 Prevalence Ratio of Heavy Smoking  
(>=10 cigarettes/day) (95% CI)  N=343 
 Model 1 Model 2 Model 3 
$1 higher cigarette price --- 0.77 (0.62, 0.95) 0.71 (0.58, 0.88) 
1 additional year exposed 
to smoking ban 
0.94 (0.82, 1.09) 0.94 (0.80, 1.11) 0.90 (0.75, 1.07) 
Price x Ban interaction --- --- 1.06 (0.98, 1.15) 
   Interaction p-value --- --- 0.1 
Association of price when 
exposed to ban for:  
   
   <5 years --- --- 0.50 (0.32, 0.76) 
    ≥5 years --- --- 0.84 (0.68, 1.04) 
 Prevalence Ratio of Smoking Relapse (95% CI)  N=343 
 Model 1 Model 2 Model 3 
$1 higher cigarette price --- 0.91 (0.62, 1.33) 0.95 (0.28, 3.21) 
1 additional year exposed 
to smoking ban 
0.74 (0.57, 0.96) 0.74 (0.57, 0.96) 0.74 (0.56, 0.98) 
Price x Ban interaction --- --- 0.99 (0.84, 1.17) 
   Interaction p-value --- --- 0.9 
Association of price when 
exposed to ban for:  
   
   <5 years --- --- 1.06 (0.52, 2.15) 
    ≥5 years --- --- 0.87 (0.57, 1.32) 
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B) Longitudinal Models with subject fixed effectsc,d 
 
 Risk Ratio of Current Smoking  (95% CI)  N=575 
 Model 1 Model 2 Model 3 
$1 increase in cigarette price --- 0.97 (0.93, 1.01) 0.97 (0.93, 1.02) 
Smoking Ban exposure (yes vs. no) 1.01 (0.92, 1.11) 1.04 (0.94, 1.14) 1.04 (0.94, 1.16) 
Price x Ban interaction --- --- 0.99 (0.92, 1.06) 
   Interaction p-value --- --- 0.7 
Association of price when:     
   No Ban --- --- 0.97 (0.93, 1.02) 
   Ban --- --- 0.96 (0.91, 1.02) 
 Risk Ratio of Heavy Smoking (>=10 cigarettes/day)     
(95% CI)  N=344 
 Model 1 Model 2 Model 3 
$1 increase in cigarette price --- 0.94 (0.88, 0.99) 0.97 (0.90, 1.04) 
Smoking Ban exposure (yes vs. no) 0.90 (0.78, 1.05) 0.95 (0.82, 1.11) 0.98 (0.83, 1.16) 
Price x Ban interaction --- --- 0.94 (0.85, 1.04) 
   Interaction p-value --- --- 0.2 
Association of price when:     
   No Ban --- --- 0.97 (0.90, 1.04) 
   Ban --- --- 0.91 (0.83, 0.99) 
 Risk Ratio of Smoking Relapse   (95% CI)  N=118 
 Model 1 Model 2 Model 3 
$1 increase in cigarette price --- 0.73 (0.56, 0.96) 0.75 (0.44, 1.29) 
Smoking Ban exposure (yes vs. no) 0.70 (0.33, 1.48) 0.84 (0.38, 1.87) 0.84 (0.38, 1.85) 
Price x Ban interaction --- --- 0.97 (0.59, 1.59) 
   Interaction p-value --- --- 0.9 
Association of price when:     
   No Ban --- --- 0.75 (0.44, 1.29) 
   Ban --- --- 0.73 (0.56, 0.94) 
 
aAverage cigarette price and number of years exposed to smoking bans were mean-centered in 
interaction models to aid interpretation.  
 
bPrevalence ratios estimated using modified Poisson regression with robust variance estimates 
adjusting for age, sex, race, education, marital status, income, employment, alcohol use, 
neighborhood socioeconomic status, and state of residence. Model 1 included length of time 
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(years) exposed to a bar/restaurant smoking ban main effect only. Model 2 included both average 
cigarette pack price and length of time exposed to a bar/restaurant smoking ban as main effects. 
In model 3, interactions between average cigarette pack price and number of years exposed to 
smoking bans were added to Model 2.  
 
cRisk ratios estimated using fixed effects Poisson models with robust variance estimates. 
Conditional fixed effects models only include participants with a change in the outcome over the 
follow-up period. Models adjusted for time-varying years since baseline, age, income, marital 
status, employment status, current alcohol use, and neighborhood socioeconomic status. 
Interactions between time-invariant covariates and time were retained if significant at the p<0.05 
level to allow associations with the outcome to vary over time (sex*time was retained in the 
heavy smoking model). Model 1 included smoking ban exposure status (yes/no) main effect only. 
Model 2 included both average cigarette pack price and smoking ban exposure status as main 
effects. In model 3, interactions between average cigarette pack price and smoking ban exposure 
status were added to Model 2. 
 
dSmoking ban exposure was lagged by 1 year to establish temporality by ensuring that policy 
implementation preceded outcome measurement.  
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CHAPTER 4: CROSS-SECTIONAL AND LONGITUDINAL ASSOCIATIONS OF 
NEIGHBORHOOD SOCIAL ENVIRONMENT AND SMOKING BEHAVIOR: 
THE MULTI-ETHNIC STUDY OF ATHEROSCLEROSIS 
	
ABSTRACT 
BACKGROUND: Social features of neighborhood environments may influence smoking 
by creating a stressful environment or by buffering stress through social cohesion. 
However, the association of the overall neighborhood social environment (NSE) with 
smoking, and the association of specific neighborhood social factors with change in 
smoking behavior over time, has rarely been examined. 
METHODS: This study included 5,856 adults aged 45-84 years from the Multi-Ethnic 
Study of Atherosclerosis (2000-2012, average follow-up: 7.8 years). Outcomes included 
current smoking status and smoking intensity (average number of cigarettes smoked per 
day among baseline smokers). NSE was assessed as a composite score composed of 
aesthetic quality, safety, and social cohesion scales (derived from neighborhood surveys). 
Generalized linear mixed models evaluated the association of baseline NSE (composite 
score and individual scales) with current smoking (modified Poisson models) and 
smoking intensity (negative binomial models) cross-sectionally and longitudinally.  
RESULTS: Each standard deviation increase in baseline NSE composite score was 
associated with 13% lower prevalence of smoking at baseline (adjusted prevalence ratio 
(aPR): 0.87 (95% confidence interval: 0.78, 0.98)). Neighborhood safety and aesthetic 
quality were similarly associated with lower smoking prevalence (aPR: 0.87 (0.78, 0.97) 
and aPR: 0.87 (0.77, 0.99), respectively) but the association with social cohesion was 
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weaker or null. No significant associations were observed for smoking intensity among 
baseline smokers. Baseline NSE was not associated with changes in smoking risk or 
intensity over time. 
CONCLUSIONS: Results suggest that neighborhood social context influences whether 
older adults smoke, but does not promote smoking cessation or reduction over time. 
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INTRODUCTION 
Despite declines in smoking prevalence over the past few decades [83, 120], 
smoking remains a major cause of preventable death worldwide. In recent years, 
researchers have increasingly focused on the impact of the neighborhoods in which 
people live on health behaviors [62]. For example, low neighborhood socioeconomic 
level has been found to be associated with higher smoking prevalence and decreased 
likelihood of smoking cessation [73, 121-124]. Additionally, neighborhood social factors 
including safety and social cohesion have gained increasing attention as potential 
contextual risk factors for smoking behavior.  
Specific aspects of the neighborhood social environment theorized to be relevant 
to smoking behaviors include psychological stressors such as noise level or poor aesthetic 
quality [71, 72], perceptions of safety and crime in the neighborhood [74, 75, 125], and 
perceptions of social cohesion [66, 70, 75, 78]. Prior studies have found that individuals 
living in neighborhoods with higher levels of self-reported neighborhood problems were 
more likely to smoke [66, 71, 72], though not all studies found an association [13]. 
Similarly, studies have shown that people living in high crime areas had higher smoking 
prevalence [74] and were less likely to quit smoking [73, 74], likely a result of increased 
stress due to violence or disorder [75]. Fewer studies have evaluated the effect of 
neighborhood problems and crime on smoking intensity, defined as the number of 
cigarettes smoked per day by current smokers. Prior work found no association with 
neighborhood problems [13, 71], however, neighborhood violence/crime was associated 
with higher smoking intensity [74, 80]. 
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 In addition to directly affecting smoking, neighborhood social features may also 
buffer stress. Neighborhood social cohesion, or how connected people feel with their 
neighbors [76], is thought to influence health by promoting supportive neighborhoods 
that buffer stress and connect residents to shared resources and services; this may in turn 
lead to adoption of healthy behaviors [77]. Prior research suggests that social cohesion 
may have a protective effect on smoking prevalence [66, 70, 78, 126] although results for 
smoking intensity have been mixed [70, 80]. 
Although a number of studies have examined how neighborhood social factors 
influence smoking behavior, most prior research has been cross-sectional [13, 66, 70-72, 
74, 75, 78], limiting causal inference. The association of neighborhood social 
environment with smoking over time has been examined in only a few studies [80-82]. In 
addition, individual domains of the neighborhood social environment such as social 
cohesion [66, 70, 78] and safety [74] have been examined separately, but studies have not 
integrated these distinct measures into one composite score to reflect the overall 
neighborhood social context. In light of these knowledge gaps, this study aims to describe 
cross-sectional and longitudinal associations of the neighborhood social environment 
(overall, and for the individual domains of aesthetic quality, safety, and social 
cohesiveness) with smoking risk and intensity. We hypothesized that a better 
neighborhood social environment would be associated with lower smoking prevalence 
and intensity at baseline. Furthermore, a better baseline neighborhood environment would 
be associated with greater reductions over time in smoking risk and intensity. 
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METHODS 
Study population 
This study used data from the Multi-Ethnic Study of Atherosclerosis (MESA), a 
longitudinal cohort study of 6,814 adults aged 44-84 and free of cardiovascular disease at 
baseline [127]. MESA participants were sampled from six U.S. sites (Los Angeles, CA, 
Manhattan and Bronx, NY, St. Paul, MN, Chicago, IL, Baltimore, MD, and Forsyth 
County, NC). The baseline examination was conducted in 2000-2002, and four follow up 
exams were conducted between 2002 and 2012, with retention rates of 92.4% at year 2, 
89.2% at year 3, 86.8% at year 5, and 75.7% at year 10. The Institutional Review Board 
at each site approved the study, and all participants provided informed consent.  
MESA participants (N=6,191, 90.9% of the baseline sample) who participated in 
the MESA Neighborhood Study, an ancillary study to MESA which assessed 
neighborhood environments and geocoded all residential addresses, were included. In the 
current study, we excluded those with missing outcome (N=53), exposure (N=108), or 
covariate data (N=33) and for whom the accuracy of geocoding was low (not at street-
level or zip+4 centroid level, N=23). In order to examine longitudinal associations of 
neighborhood social environment on smoking, we included only participants who had 
outcome and exposure data from at least two exams (N=5,856, 95% of those in the 
neighborhood study).  Included and excluded participants were similar on most socio-
demographic characteristics (Appendix C Table 1).  
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Smoking Outcomes 
The primary outcomes included smoking status and smoking intensity. Both 
outcomes were assessed at each exam by self-report. Ever smoking was assessed by: 
“Have you smoked at least 100 cigarettes in your lifetime?” and if the participant 
answered yes, current smoking status by: “Have you smoked cigarettes in the last 30 
days?” In analyses, smoking status was dichotomized as current smoker versus 
former/never smoker. Smoking intensity was assessed among current and former smokers 
as follows:  “On average, how many cigarettes a day do/did you smoke?” To reflect 
current habits, the number of cigarettes was recoded to 0 for baseline smokers who quit 
during follow-up at exams subsequent to quitting.  
 
Neighborhood Social Environment 
The neighborhood social environment was characterized using a composite score 
from subscales reflecting 3 domains: aesthetic quality, safety, and social cohesion (Table 
4-1). Respondents were asked to rate an area within 1 mile of their residence. Questions 
were asked of MESA Neighborhood Study participants as well as an independent sample 
of community raters who were recruited from the same census tracts as MESA 
participants using random digit dialing or list-based sampling (the MESA Community 
Surveys) [128]. MESA participants responded to each scale twice (social cohesion in 
2000-2002, safety and aesthetic quality in 2003-2005, and all three scales in 2010-2012). 
The neighborhood social environment scores were calculated for each participant as 
continuous variables based on the average score reported by all respondents (from the 
Neighborhood Study and Community Surveys) living within 1 mile of their residence, 
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excluding the participant’s own responses (range: 1-738 respondents). This approach 
avoids the issue of same-source bias, in which individuals self-report both exposure and 
health outcomes and their health status affects how they report the exposure or vice versa 
[129]. The scales have good internal consistency (Cronbach’s alphas 0.74-0.77), and test-
retest reliability (0.65-0.88) [128]. 
Standardized z-scores were constructed for each participant for each subscale by 
centering at the mean and dividing by the standard deviation (SD) across all time points. 
In this study, we assessed the effect of both the composite neighborhood social 
environment score and each of the separate subscales. The composite measure was 
constructed by summing the three standardized subscales, and then re-standardizing.  All 
regression models report the effect of a standard deviation increase in the neighborhood 
domain of interest. For descriptive purposes, we calculated tertiles of neighborhood 
social environment scores at baseline. 
 
Covariates 
Time-invariant individual-level covariates assessed at the baseline exam included 
baseline age (in years), gender, race (White, African American, Hispanic, Asian), 
education (categorized as high school or less, some college/technical school/Associate’s 
degree, Bachelor’s degree or higher), and study site. Time-varying covariates included 
marital status (married/living with partner versus not), employment status (employed 
versus unemployed/retired), alcohol use (current use versus no current use), time since 
baseline (years), and income. Household income was assessed using a 13-category item 
with income categories ranging from <$5,000 to >$100,000. A continuous income was 
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constructed by assigning the midpoint of each category to participants who selected that 
category. This value was divided by the number of people in the household and adjusted 
for inflation to reflect the inflation-adjusted per capita household income. Sensitivity to 
alternative income definitions (categorical income or household, rather than per-capita, 
income) was assessed, and results were found to be similar. 
Neighborhood-level socioeconomic status was evaluated using a composite 
measure that included the following census variables: log median housing value, percent 
with a high school education, percent with a bachelor’s degree, percent in a managerial 
occupation, log median household income, and percent with interest/dividend income. Z-
scores for each variable were summed to create the composite measure, with a higher 
score indicating higher census tract-level socioeconomic status [114]. 
 
Statistical analysis 
Characteristics of the study population were described at each exam. We 
compared the distribution of socio-demographic characteristics between smokers and 
non-smokers, and by tertiles of baseline neighborhood social environment scores.  
We estimated cross-sectional and longitudinal associations of the baseline 
neighborhood social environment scales with smoking outcomes using generalized linear 
mixed models (PROC GLIMMIX, SAS 9.3, SAS Institute Inc., Cary, NC). All models 
included repeated outcome measurements within subjects over time (baseline and at least 
one additional measurement between Exams 2-5.) We included a random intercept for 
each subject. The neighborhood social environment domains were highly correlated (r= 
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0.6 to r=0.9, p<0.0001), thus, when using the disaggregated domains, each domain was 
modeled separately.  
Smoking status was modeled using relative-risk regression (via modified Poisson 
regression models with robust variance estimates) [95, 96].  Smoking intensity was 
modelled using negative binomial models to evaluate the effect of baseline neighborhood 
social environment on the number of cigarettes smoked per day. Smoking intensity 
models included only the subset of the cohort who reported smoking at baseline (N=741). 
We chose negative binomial models over Poisson as the distribution of the smoking 
intensity variable suggested over-dispersion (mean across exams: 10.0, variance 162.9) 
and a likelihood ratio test indicated the negative binomial model was a better fit 
(p<0.0001). In each model, we included the baseline neighborhood social environment 
score, time since baseline (modeled continuously with coefficients expressed in 5-year 
intervals for interpretability), and an interaction between the baseline score and time. The 
exponentiated coefficient of the neighborhood environment main effect estimated the 
prevalence ratio of smoking at baseline associated with a 1 SD higher baseline score. The 
exponentiated coefficient of the interaction term estimated the ratio of the change in risk 
over a 5-year period associated with a 1 SD higher baseline score. Models were 
progressively adjusted as follows: Model 1: baseline age (centered at the mean), sex, 
interaction between baseline age and time since baseline; Model 2: further adjusted for 
race/ethnicity, education, baseline study site, and the following time-varying 
characteristics: marital status, income, employment status, and current alcohol use; 
Model 3: further adjusted for neighborhood socioeconomic status. We tested interactions 
between time invariant covariates (sex, race, education) and time as prior research 
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suggests trajectories of smoking behavior change may differ in subgroups of the 
population [4]. We found that smoking intensity trajectories differed significantly by sex, 
race, and education; these three interaction terms were retained in smoking intensity 
models.  
Sensitivity Analyses 
In a sensitivity analysis, we repeated analyses after excluding participants who did 
not live within a 1-mile radius of at least 5 other participants in either the main study or 
the community survey (N=298, for a total of 5,558 participants). These exclusions were 
made to test the sensitivity of results to neighborhoods with few participants rating 
neighborhood social environment.  
 
RESULTS 
Among 5,856 participants, 12.7% were current smokers at baseline. Current 
smokers smoked an average of 13.5 cigarettes per day at baseline. Table 4-2 presents 
demographic, behavioral, and neighborhood characteristics at each exam over the follow-
up period. Participants had an average of 7.8 years of follow-up. Current smoking 
prevalence declined over follow-up to 7.3%, and the mean number of cigarettes smoked 
per day among baseline smokers declined to 7.0. At baseline, overall neighborhood social 
environment scores ranged from -11.1 to 7.3 (median -0.1). Prior to standardization, the 
means and standard deviations of the neighborhood subscales were: aesthetic quality: 3.7 
(0.4), safety: 3.7 (0.4), social cohesion: 3.5 (0.3) on a scale from 1-5. Neighborhood 
social environment scores changed little over the course of follow-up on average 
(intraclass correlation coefficients 0.94-0.97). Slightly more men, black or Hispanic 
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participants, and participants with a high school degree or less were lost to follow-up 
compared to women, white or Asian participants, and participants with higher 
educational attainment. The proportion of participants who were married or currently 
working decreased as participants aged. Alcohol use declined over time while average 
neighborhood socioeconomic status increased.  
Bivariate analyses found that at higher tertiles of each neighborhood environment 
domain (reflecting better neighborhood environment), baseline smoking prevalence was 
lower (p for trends <0.01, Table 4-3). However, among baseline current smokers, the 
crude mean number of cigarettes smoked per day was higher in neighborhoods with 
better social environment scores (p for trends <0.01). Smoking prevalence declined over 
time across tertiles of baseline neighborhood social environment and the slope of the 
decline was similar across tertiles (Figure 4-1). 
In generalized linear mixed models, a 1 SD higher baseline neighborhood social 
environment score was associated with a 16% lower probability of being a current 
smoker at baseline [prevalence ratio (PR) 0.84 (95% CI: 0.75, 0.93), Table 4-4] after 
adjusting for socio-demographic characteristics. Results were attenuated but still 
statistically significant after adjustment for neighborhood socioeconomic status [0.87 
(0.78, 0.98)]. For aesthetic quality and safety environment domains, the association was 
similar to the composite score [0.87 (0.77, 0.99); 0.87 (0.78, 0.97)] but for social 
cohesion there was a non-significant negative association. A higher baseline 
neighborhood social environment score did not modify changes in smoking risk over time 
for either the composite score or individual domains, as risk ratios ranged from 0.97-1.00 
	 	
	
	
73 
across models for the interaction term between baseline social environment and follow-
up time. 
Among current smokers, baseline neighborhood social environment was initially 
positively associated with baseline smoking intensity; however, adjustment for additional 
socio-demographic characteristics attenuated this association and all confidence intervals 
widened to include the null (Table 4-5). Baseline neighborhood social environment did 
not modify the rate of change over time in the number of cigarettes consumed per day 
over time. Results were similar in sensitivity analyses that excluded participants who did 
not have at least 5 neighbors within a 1-mile radius of their residence (Appendix C Table 
4).  
 
DISCUSSION 
In this large longitudinal cohort of middle-aged and older adults, we found that 
baseline smoking prevalence was lower among participants living in neighborhoods with 
better neighborhood social environment compared to those in worse neighborhoods. 
Adjustment for neighborhood socioeconomic status slightly attenuated associations, but 
the composite score remained statistically significant. However, we found no evidence 
that neighborhood social environment at baseline was associated with a change in 
smoking risk over time. Finally, we found no association between neighborhood social 
environment and smoking intensity. 
The association of neighborhood social environment with baseline smoking in our 
study aligns with prior cross-sectional work [66, 71-74, 125, 130] and may reflect an 
influence of neighborhood context on earlier life smoking patterns. The finding of higher 
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smoking prevalence among participants living in neighborhoods with worse social 
environment scores, and lack of association with changes over time, suggests that 
neighborhood social factors may be more relevant for smoking initiation than 
cessation/reduction. To date, few studies have examined the association of neighborhood 
context with smoking initiation, and those that have primarily concentrated on 
neighborhood socioeconomic status [131-133] and racial composition [133]. More 
research is needed in this area, particularly longitudinal studies examining the impact of 
social aspects of neighborhood environments on smoking initiation. 
Our cross-sectional results indicate that smoking prevalence was negatively 
associated with domains representing neighborhood stressors (aesthetic quality and 
safety) but associations were weaker or null for social cohesion. These findings may 
suggest that environmental stressors play a larger role than social cohesion in smoking 
behavior among older adults. The former finding is consistent with past cross-sectional 
studies [66, 71-74, 125, 130], and the latter finding somewhat aligns with several prior 
studies that found positive associations between neighborhood social cohesion and 
smoking prevalence [66, 70, 78, 126], although our results were weaker than seen in 
previous studies.   
Our finding that neighborhood social environment was not associated with 
changes in smoking status or intensity over time can be compared with only a few prior 
studies using longitudinal data to assess this association. Slopen et al found no 
association between neighborhood stress, a scale related to both safety and trust in the 
neighborhood, and smoking behavior change among a cohort of middle-aged U.S. adults 
[82]. In contrast, Fleisher et al analyzed a cohort of Mexican smokers (mean age: 40 
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years) and found positive associations between neighborhood social cohesion and both 
quit attempts and successful quitting [80]. However, the study by Fleisher et al included 
only 2 years of data and could not evaluate whether smoking behavior changes were 
sustained over a longer time period.  
 The MESA population included middle-aged and older adults, and prior studies 
have found older adults to have lower rates of smoking behavior changes (e.g. cessation, 
relapse) compared to younger adults [134-136], suggesting smoking behavior is more 
stable in older populations.  In addition, as our study population had a fairly low baseline 
smoking rate, and relatively few individuals quit over follow-up, results should be 
interpreted with caution. Further study is needed to examine whether neighborhood social 
environment is associated with smoking cessation and reduction in younger populations, 
where smoking behavior patterns may be less solidly established.   
 This study had several limitations. Smoking outcomes were based on self-report, 
which might have led to underreporting due to recall and social desirability biases. 
However, prior validation work in MESA has indicated that self-reported smoking is a 
reliable measure consistent with serum and urinary cotinine concentrations [137]. 
Although we adjusted for a large number of potential confounders, including 
neighborhood socioeconomic status, it is possible that residual confounding was present 
from factors such as community/social network smoking norms or individual-level 
motivation to quit smoking.  
Strengths of this study include the large, multi-ethnic sample and inclusion of up 
to twelve years of follow-up. Our measures of neighborhood social environment were 
based on perceptions of the social environment (derived from neighborhood surveys) and 
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results may be different if objective measures were used instead (such as crime reports or 
direct observations of aesthetic quality). However, perceptions of the social environment 
may be the more salient measure as has been found in some work [73, 75].  In addition, 
the use of multiple neighborhood informants to measure neighborhood social 
environment is a more valid measurement of neighborhood characteristics than individual 
self-report [65]. 
 
CONCLUSION 
 In summary, a better neighborhood social environment was associated with lower 
smoking prevalence, particularly for the domains of safety and aesthetic quality. 
Neighborhood social environment was not associated with changes in smoking behavior 
over time. Further study is needed to determine whether neighborhood social 
environment is associated with changes to smoking behavior in younger populations. 
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TABLES AND FIGURES 
 
Table 4-1. Neighborhood Social Environment Survey Questions, The Multi-Ethnic Study of 
Atherosclerosisa 
	
Domains and Items 
Aesthetic Quality Scale Items 
There is a lot of trash and litter on the street in my neighborhood 
There is a lot of noise in my neighborhood 
My neighborhood is attractive 
Safety Scale Items 
I feel safe walking in my neighborhood, day or night 
Violence is not a problem in my neighborhood 
Social Cohesion Scale Items 
People around here are willing to help their neighbors 
People in my neighborhood generally get along with each other 
People in my neighborhood can be trusted 
People in my neighborhood share the same values 
 
aSocial environment questions were from MESA participants as well as community raters from 
the same census tracts. MESA participants completed each scale twice (social cohesion in 2000-
2002, safety and aesthetic quality in 2003-2005, all three scales in 2010-2011). Community raters 
completed the scales in 2004 (5,988 participants from the Maryland, New York, and North 
Carolina study sites) and 2011-2012 (4,212 participants from a subsample of census tracts in all 6 
MESA sites). Response options were on a 5-point Likert scale from 1 (strongly agree) to 5 
(strongly disagree). Questions were rescaled as needed so a higher score reflected a more 
favorable neighborhood environment.  
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Table 4-2. Demographic, Behavioral, and Neighborhood Characteristics of the Study Sample, 
The Multi-Ethnic Study of Atherosclerosis Exams 1-5 (2000-2012) 
Sample Characteristicsa 
Year 0,  
Exam 1 
Year 2,  
Exam 2 
Year 3,  
Exam 3 
Year 5,  
Exam 4 
Year 10,  
Exam 5 
N  5856 5641 5342 5092 4032 
Demographic 
Characteristics 
     Mean age (SD) 61.9 (10.1) 63.6 (10.1) 65.9 (10.0) 66.5 (9.9) 69.9 (9.4) 
Gender (%) 
        Male 2,53 (47.0) 2648 (46.9) 2496 (46.7) 2372 (46.6) 1848 (45.8) 
   Female 3103 (53.0) 2993 (53.1) 2846 (53.3) 2720 (53.4) 2184 (54.2) 
Race (%) 
        White 2291 (39.1) 2213 (39.2) 2121 (39.7) 2049 (40.2) 1633 (40.5) 
   Black 1610 (27.5) 1553 (27.5) 1475 (27.6) 1385 (27.2) 1084 (26.9) 
   Hispanic 1261 (21.5) 1213 (21.5) 1121 (21.0) 1066 (20.9) 843 (20.9) 
   Chinese 694 (11.9) 662 (11.7) 625 (11.7) 592 (11.6) 472 (11.7) 
Education (%) 
       ≤ High school graduate  2051 (35.0) 1964 (35.0) 1842 (34.5) 1740 (34.2) 1290 (32.0) 
   Some college 1660 (28.4) 1600 (28.4) 1520 (28.4) 1438 (28.2) 1156 (28.7) 
  ≥ Bachelor's 2145 (36.6) 2077 (36.8) 1980 (27.1) 1914 (37.6) 1586 (39.3) 
Currently employed (%) 3190 (54.5) 2938 (52.1) 2722 (50.9) 2468 (48.5) 1764 (43.7) 
Mean adjustedb per capita 
annual household income, 
in increments of 10,000 
(SD) 
2.6 (2.0) 
 
2.6 (2.1) 
 
2.5 (2.0) 
 
2.4 (1.9) 
 
2.5 (1.8) 
 
Currently married (%) 3610 (61.6) 3459 (61.3) 3290 (61.6) 3175 (62.3) 2391 (59.3) 
Health Behaviors 
     Current Alcohol Use (%) 3287 (56.1) 2867 (50.8) 2628 (49.2) 2279 (44.8) 1724 (42.8) 
Smoking Status (%) 
        Never smoker 2957 (50.5) 2624 (46.5) 2435 (45.6) 2285 (44.9) 1839 (45.6) 
   Former smoker 2158 (36.8) 2391 (42.4) 2347 (43.9) 2319 (45.5) 1897 (47.1) 
   Current smoker 741 (12.7) 626 (11.1) 560 (10.5) 488 (9.6) 296 (7.3) 
Number of cigarettes 
smoked per day among 
baseline smokers- Mean 
(SD) 
13.5 (17.7) 
 
10.1 (9.5) 
 
9.7 (9.6) 
 
8.4 (9.2) 
 
7.0 (14.3) 
 
Neighborhood 
Characteristicsc 
     Neighborhood 
socioeconomic score- 
Mean (SD) 0.0 (6.3) 0.0 (6.3) 0.6 (5.9) 1.8 (5.0) 1.0 (4.6) 
Neighborhood social 
environment score- Mean 
(SD) -0.1 (2.5) -0.1 (2.5) -0.1 (2.5) 0.1 (2.9) 0.3 (3.0) 
Aesthetic quality score- 
Mean (SD)  
3.7 (0.4) 
 
3.7 (0.4) 
 
3.7 (0.4) 
 
3.7 (0.5) 
 
3.7 (0.5) 
 
Safety score- Mean (SD)  3.7 (0.4) 3.7 (0.4) 3.7 (0.4) 3.6 (0.5) 3.7 (0.5) 
Social cohesion score- 
Mean (SD) 
3.5 (0.3) 3.5 (0.3) 3.5 (0.3) 3.6 (0.3) 3.6 (0.3) 
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aSex, race, and education were only measured at baseline. Other variables were time-varying. 
 
bPer capita household income adjusted for inflation to 2010 dollars. 
 
cNeighborhood socioeconomic status score was calculated by summing z-scores for the following 
census variables: log median housing value, percent with a high school education, percent with a 
bachelor’s degree, percent in a managerial occupation, log median household income, and percent 
with interest/dividend income. Neighborhood social environment score was calculated by 
summing z-scores of the aesthetic quality, safety, and social cohesion scores. Unstandardized 
scores for aesthetic quality, safety, and social cohesion are shown in this table and were 
calculated by taking the average item score for each scale. For each scale, a higher score indicates 
a better neighborhood environment. 
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Table 4-3. Bivariate Associations of Baseline Neighborhood Social Environment with Baseline 
Smoking Status and Intensity, The Multi-Ethnic Study of Atherosclerosis Exam 1 (2000-2002) 
 
 Baseline 
Neighborhood Scale 
N (Entire 
Cohort- 
N=5,856) 
N (%) 
Current 
Smokers p-valuea 
Mean # cigs 
smoked per day-
current smokers 
(SD)- N=741 p-valuea 
Neighborhood 
Social Environment 
  
<0.0001  
 
<0.0001   
   Tertile 1- Worst 1932 315 (16.3)   11.6 (9.7)   
   Tertile 2 1991 228 (11.5)   13.4 (10.2)   
   Tertile 3- Best 1933 198 (10.2)   16.6 (29.9)   
Aesthetic Quality  
  
<0.0001   
 
<0.0001   
   Tertile 1- Worst 1932 292 (15.1)   11.6 (9.5)   
   Tertile 2 1993 252 (12.6)   13.6 (12.0)   
   Tertile 3- Best 1931 197 (10.2)   16.3 (29.2)   
Safety  
  
<0.0001   
 
<0.0001   
   Tertile 1- Worst 1932 317 (16.4)   11.5 (9.5)   
   Tertile 2 1990 245 (12.3)   14.1 (10.2)   
   Tertile 3- Best 1934 179 (9.3)   16.4 (31.4)   
Social cohesion 
  
0.003  
 
0.002 
   Tertile 1- Worst 1929 279 (14.5)   11.3 (9.0)   
   Tertile 2 1994 245 (12.3)   14.6 (12.7)   
   Tertile 3- Best 1933 217 (11.2)   15.1 (27.9)   
ap-value from test for trend (based on Wald statistic in logistic (current smoking) and negative 
binomial (smoking intensity) models including an ordinal term for baseline neighborhood 
social environment tertiles)  
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Figure 4-1. Unadjusted Prevalence of Smoking Over Follow-up, by Tertile of Baseline 
Neighborhood Social (NSE) Environment, The Multi-Ethnic Study of Atherosclerosis (2000-
2012) 
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Table 4-4. Cross-sectional and Longitudinal Associations of a 1 SD Higher Baseline Neighborhood Social Environment Score with Risk of 
Current Smoking, The Multi-Ethnic Study of Atherosclerosis (2000-2012)a,b N=5856 
 
Relative Risk for Current Smoking (95% Confidence Interval) 
 Model 1 Model 2 Model 3 
 Baseline 
Score 
Time 
Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time 
Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time 
Trend  
 
Baseline 
Score x 
Time 
Neighborhood 
Social 
Environment 
0.81 (0.75, 
0.87) 
0.72 (0.69, 
0.76) 
1.00 (0.96, 
1.05) 
0.84 (0.75, 
0.93) 
0.74 (0.70, 
0.78) 
1.00 (0.95, 
1.04) 
0.87 (0.78, 
0.98) 
0.74 (0.70, 
0.78) 
0.98 (0.94, 
1.03) 
Aesthetic 
Quality 
0.83 (0.78, 
0.90) 
0.72 (0.69, 
0.76) 
1.01 (0.97, 
1.05) 
0.84 (0.75, 
0.93) 
0.74 (0.70, 
0.78) 
1.00 (0.96, 
1.05) 
0.87 (0.77, 
0.99) 
0.74 (0.70, 
0.78) 
0.99 (0.93, 
1.03) 
Safety 0.76 (0.70, 
0.82) 
0.72 (0.69, 
0.76) 
1.01 (0.96, 
1.05) 
0.84 (0.76, 
0.93) 
0.74 (0.70, 
0.78) 
1.00 (0.96, 
1.05) 
0.87 (0.78, 
0.97) 
0.74 (0.70, 
0.78) 
0.99 (0.95, 
1.04) 
Social Cohesion 0.88 (0.82, 
0.96) 
0.72 (0.69, 
0.76) 
0.99 (0.94, 
1.03) 
0.89 (0.80, 
0.99) 
0.73 (0.70, 
0.77) 
0.99 (0.94, 
1.03) 
0.94 (0.84, 
1.05) 
0.74 (0.70, 
0.78) 
0.97 (0.92, 
1.02) 
 
aRelative risks and confidence intervals are from generalized linear mixed Poisson models with robust variance estimates. All models include 
the baseline neighborhood environment score, time in years since baseline, and an interaction between baseline neighborhood score and time 
since baseline to test whether neighborhood social environment modifies the change in smoking status over time. All models included 
repeated measures and a random intercept for each participant. Time trend reflects 5 year interval.  
 
bModel 1 adjusted for baseline age (centered at the mean), sex, and baseline age*time interaction. Model 2 further adjusted for race, education, 
baseline study site, and the following time-varying covariates: marital status, income, employment, alcohol use. Model 3 further adjusted for 
neighborhood socioeconomic status (time-varying).  82 
		
Table 4-5. Cross-sectional and Longitudinal Associations of a 1 SD Higher Baseline Neighborhood Social Environment Score with the 
Average Number of Cigarettes Smoked Per Day, The Multi-Ethnic Study of Atherosclerosis (2000-2012)a,b N=741 (restricted to participants 
who smoked at baseline) 
Rate Ratio for Average Number of Cigarettes Smoker Per Day (95% CI) 
 Model 1 Model 2 Model 3 
 Baseline 
Score 
Time 
Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time 
Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time 
Trend  
 
Baseline 
Score x 
Time  
Neighborhood 
Social 
Environment 1.14 (1.04, 
1.24) 
 
0.51 (0.47, 
0.55) 
0.97 (0.92, 
1.02) 
1.03 (0.92, 
1.15) 
 
0.43 (0.38, 
0.49) 
0.98 (0.93, 
1.04) 
1.01 (0.89, 
1.14) 
 
0.43 (0.38, 
0.49) 
0.99 (0.93, 
1.04) 
Aesthetic 
Quality 
1.13 (1.03, 
1.23) 
0.51 (0.47, 
0.55) 
0.99 (0.94, 
1.04) 
1.02 (0.90, 
1.15) 
0.43 (0.38, 
0.49) 
0.99 (0.94, 
1.05) 
0.99 (0.87, 
1.13) 
0.43 (0.38, 
0.49) 
1.00 (0.94, 
1.06) 
Safety 1.11 (1.01, 
1.22) 
0.51 (0.47, 
0.55) 
0.97 (0.92, 
1.03) 
1.03 (0.92, 
1.14) 
0.43 (0.38, 
0.49) 
0.99 (0.93, 
1.05) 
1.01 (0.90, 
1.13) 
0.43 (0.38, 
0.49) 
0.99 (0.93, 
1.05) 
Social Cohesion 1.14 (1.03, 
1.25) 
0.51 (0.47, 
0.55) 
0.96 (0.91, 
1.02) 
1.03 (0.92, 
1.16) 
0.44 (0.39, 
0.50) 
0.97 (0.92, 
1.03) 
1.02 (0.90, 
1.15) 
0.44 (0.38, 
0.50) 
0.97 (0.92, 
1.03) 
aResults are from generalized linear mixed negative binomial models. All models include the baseline neighborhood environment score, time 
in years since baseline, and an interaction between baseline neighborhood score and time since baseline to test whether neighborhood social 
environment modifies the change in smoking status over time. All models included repeated measures and a random intercept for each 
participant. Time trend reflects 5 year interval. 
 
bModel 1 adjusted for baseline age (centered at the mean), sex, baseline age*time interaction, and sex*time interaction. Model 2 further 
adjusted for race, education, baseline study site, and the following time-varying covariates: marital status, income, employment, alcohol use, 
and sex*time, education*time, and race*time interactions. Model 3 further adjusted for neighborhood socioeconomic status (time-varying) 
83 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 
Discussion 
Macro-level factors may play an important role in influencing smoking behaviors, 
yet few studies have used data from longitudinal cohorts to examine associations of 
smoking ban policies, local cigarette prices, and social aspects of the neighborhood 
environment with changes in smoking outcomes over time. In this study, we linked state, 
county, and local smoking ban policies to participants in the Coronary Artery Risk 
Development in Young Adults (CARDIA) study, and linked cigarette prices from a large 
commercial dataset to participants in the Multi-Ethnic Study of Atherosclerosis (MESA) 
to examine associations between these macro-level characteristics and within-person 
changes in smoking outcomes. In addition, we examined associations between 
neighborhood social environment exposures at baseline and smoking outcomes both 
cross-sectionally and longitudinally among MESA participants.    
We found that bar and restaurant smoking bans were associated with significant 
declines in the risk of current smoking and smoking intensity, and with an increase in quit 
attempts, among CARDIA participants. The CARDIA study is well suited for evaluating 
smoking bans because while the entire cohort was unexposed at baseline, >70% became 
exposed to smoking bans over follow-up. In addition, the baseline smoking rate was 
higher in this cohort than in MESA. As we hypothesized, there were larger declines in the 
risk of current smoking among participants with higher educational attainment and, while 
not statistically significant, a similar pattern was seen for smoking intensity. However, 
the effect on quit attempts was stronger among those with lower income. And, contrary to 
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our hypothesis, we found no gender differences in the association of smoking bans with 
current smoking risk or smoking intensity, but did find a stronger association with quit 
attempts in women than in men. Results suggest that additional supports may be needed 
to reduce smoking behaviors in individuals of lower socioeconomic status- for example, 
policies that increase access to and use of smoking cessation aids, which are underutilized 
by lower income populations [101, 102].  
 In the second study, we found that higher cigarette prices in year 10 were 
associated with lower prevalence of current smoking and heavy smoking (≥half a pack 
per day). In longitudinal models with subject-specific fixed effects, a reduction in the 
price of a pack of cigarettes was associated with a small decrease in the risk of current 
smoking, and larger decreases in the risk of heavy smoking or smoking relapse. These 
results are consistent with our hypotheses that higher cigarette prices would be associated 
with improvements to smoking outcomes, although results for smoking relapse in 
particular should be interpreted with caution given the small number of participants 
relapsing during follow-up. Results underscore the influence of geographically proximal 
cigarette price exposures as potential deterrents for smoking behavior.  
In contrast to our hypothesis, we found no evidence of a synergistic interaction 
between cigarette prices and smoking ban exposures for any smoking outcome (although 
results weakly suggested that associations of price with heavy smoking may be less 
evident in areas where smoking bans had been in place longer). Associations between 
smoking bans and smoking outcomes were weak or null overall in MESA participants, 
findings that contrast with our results using the CARDIA dataset. This difference may be 
a result of the age difference of the two populations- CARDIA participants were enrolled 
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in young adulthood and were middle-aged at the time of the most recent follow-up, an 
age group likely to have the higher disposable income and more likely to spend time in 
bars and restaurants than the older adults in the MESA study population [119], increasing 
their exposure to the bans. In addition, relatively few MESA participants had smoking 
outcome changes over follow-up. Lack of variability in the outcome may have 
contributed to our inability to detect an association if one existed. Finally, nearly 20% of 
MESA participants were already exposed to smoking bans at baseline, while in CARDIA 
the entire cohort was unexposed at baseline and >70% became exposed over the course of 
follow-up.  
 Finally, the results of our third study suggest that overall neighborhood social 
environment, as well as the specific domains of safety and aesthetic quality, are strongly 
associated with current smoking prevalence cross-sectionally. However, these factors are 
not associated with changes to smoking behavior among older adults. We found that 
declines in smoking risk that occurred over follow-up were not modified by baseline 
neighborhood social environment scores, and neighborhood social environment was not 
associated with smoking intensity. These results suggest that the neighborhood social 
environment might play a role in earlier life smoking patterns, an understudied area. Prior 
work has found older adults to have lower rates of smoking behavior changes, including 
smoking cessation, compared to younger adults [134-136], suggesting smoking behavior 
is more stable in older adults. As such, further research is needed on the association of the 
neighborhood social environment with changes to smoking behavior in younger 
populations.  
 
	 	
	
	
87 
Context of current research 
Our findings regarding smoking bans are consistent with two prior studies that 
linked smoking ban policies from the same source as our study, the American Non-
Smokers Rights Foundation’s Local Ordinance Database, to longitudinal cohort data 
from adolescents/young adults in the National Longitudinal Survey of Youth [35, 36]. 
Song et al found that exposure to a bar smoking ban was associated with a 20% reduction 
in the odds of current smoking (odds ratio (OR): 0.80, 95% CI: 0.71, 0.90) and a 15% 
reduction in the number of days participants reported smoking (incidence rate ratio 
(IRR): 0.85, 955 CI: 0.80, 0.90). Vuolo et al found that living in a locality with policies 
banning smoking in bars, restaurants, and other workplaces was associated with a 30% 
reduction in the odds of current smoking (OR: 0.70 (0.65, 0.98)) and a 24% reduction in 
the odds of smoking at least a pack a day (OR: 0.76 (0.54, 1.06)). These studies found 
slightly stronger associations than our examination of bar and restaurant bans in 
CARDIA. However, these studies did not include subject specific fixed effects, a model 
type that enabled us to more completely control for confounding and avoid omitted 
variable bias for time-invariant unmeasured confounders. In addition, our study in 
CARDIA provided a more precise exposure assignment. The NLSY was geocoded to the 
state, county, and core-based statistical area (CBSA) level. Song el al assigned exposure 
probabilities based county of residence (participants were assigned a probability based on 
the proportion of their county covered by bans [36]), while Vuolo et al included only 
participants who lived in the principal city of a given CBSA [35]. We were able to more 
precisely link local bans for all participants because CARDIA geocoded to the census 
tract level.  
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 Few other studies have used longitudinal cohort data to examine associations of 
smoking bans with changes to smoking behavior in the general population. Albers et al 
found that adult smokers living in Massachusetts towns that implemented strong 
restaurant smoking ban legislation (with no exceptions) were significantly more likely to 
had made a quit attempt than those living in towns with weaker regulations (OR: 3.12, 
95% CI: 1.51, 6.44). Similarly, Zablocki et al found that California smokers who reported 
perceiving an outdoor smoking ban in their town were significantly more likely to reduce 
the amount they smoked (OR: 1.7, 95% CI: 1.0-2.7) and make a quit attempt (OR: 1.8, 
95% CI: 1.1, 2.9). Both studies included only two years of follow-up and focused on a 
single state, but are consistent with our findings among a cohort from multiple regions of 
the U.S. Overall, our findings provide additional support for an effect of hospitality 
smoking bans on within-person change in smoking outcomes among young to middle 
aged adults. Our study builds upon prior work by including 25 years of data from a large 
population of young/middle-aged adults, more than twice the length of prior studies. In 
addition, our more precise exposure assignment and use of econometric fixed effects 
models that provide a high level of control for confounding provide improvements over 
previous work.  
 Our finding that cigarette prices at stores within 3 miles of MESA participants’ 
were negatively associated with current smoking and smoking intensity is consistent with 
prior research [27, 46, 49-54, 115, 116]. However, prior studies primarily used state-level 
average prices rather than geographically proximal price exposures. Given that cigarette 
prices have been found to vary substantially within states and counties [55-57], and the 
local tobacco retail environment has been associated with smoking behaviors [58, 59], 
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prices near people’s homes may be a particularly relevant exposure. In addition, most 
prior studies have used repeat cross-sectional or time-series data to estimate changes in 
prevalence or intensity [27, 46, 49-54] rather than using data from longitudinal cohorts to 
estimate within-person change.  
The association of cigarette prices with smoking relapse has rarely been 
examined. Our finding that an increase in cigarette prices was associated with reduced 
risk of relapse is consistent with two longitudinal cohort studies that similarly found 
negative associations [117, 118]. Shang et al linked data from the NSLY to state-level 
cigarette taxes and found that higher taxes reduced the risk of relapse from non-smoking 
to light smoking by 23% among young adults (OR: 0.77, 95% CI: 0.57, 1.05) [117]. 
Similarly, Tabuchi et al found that a tobacco price increase in Japan was associated with 
a 40% reduction in the odds of relapse (OR: 0.60, 95% CI: 0.46, 0.77) among adults aged 
50-59 [118]. While our results are consistent with these prior findings, our results should 
still be interpreted with caution due to the small number of MESA participants who 
relapsed during follow-up.  
Our finding that the neighborhood social environment was associated with 
smoking at baseline is consistent with prior cross-sectional studies examining 
associations the various social domains with smoking prevalence [66, 71-74, 125, 130]. 
In particular, the negative associations of domains representing neighborhood stressors 
(aesthetic quality and safety) are similar to those seen in prior studies [66, 71-74, 125, 
130]. However, we found weaker associations for social cohesion, which contrasts with 
several earlier studies [66, 70, 78, 126].  
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To date, few studies have examined whether neighborhood social factors are 
associated with changes in smoking outcomes over time, limiting comparisons for our 
longitudinal models. Results of those few studies have been mixed. Consistent with our 
results, Slopen et al found no association between neighborhood stress, a scale related to 
both safety and trust in the neighborhood, and smoking behavior change among a cohort 
of middle-aged U.S. adults [82]. In contrast, Fleisher et al found positive associations 
between neighborhood social cohesion and both quit attempts and successful quitting 
among a cohort of Mexican smokers (mean age: 40 years) [80]. However, the study by 
Fleisher et al included only 2 years of data and could not evaluate whether smoking 
behavior changes were sustained over a longer time period.  
 
Limitations  
These studies had a number of limitations. First, both MESA and CARDIA relied 
on self-reported smoking outcomes, which may be subject to recall or social desirability 
biases. However, investigators in both studies have done validation work comparing self-
reported smoking status with objective measurements such as serum/urinary cotinine. In 
both studies, validation results indicated that misclassification of smoking exposure status 
based on self-report was uncommon [103, 137], limiting concerns about outcome 
misclassification. 
Another limitation is the low smoking rate in MESA. MESA participants were 
generally healthier than the overall U.S. population because they needed to be free of 
cardiovascular disease in order to be enrolled. As such, the smoking rate in this sample is 
lower than the U.S. average, limiting generalizability. Additional study is needed to 
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confirm whether the associations we observed differ in younger populations with higher 
smoking rates. In addition, the small number of smokers in the MESA limited our power 
to detect associations between cigarette price increases and smoking outcomes in fixed 
effects models, as these models only include participants with a change in smoking 
outcomes. Results for smoking relapse in particular should be interpreted with caution. 
Similarly, we may have been underpowered to detect interactions between cigarette 
prices and smoking bans, although the interaction coefficients suggest interaction is 
unlikely for current smoking and smoking relapse.  
Third, while we included a number of individual-level characteristics relevant to 
smoking behavior, as well as area-level factors like neighborhood social environment 
and, when possible, state fixed effects, we cannot rule out the possibility of residual 
confounding by unmeasured covariates. For example, community/social network 
smoking norms are likely related to smoking behaviors [138-141] - we were unable to 
control for this factor directly in our models and it is possible that the effects we observed 
are related to these norms. However, in the studies examining smoking bans and cigarette 
prices, we included state fixed effects in an effort to control for norms associated with 
place. In addition, the use of fixed effects models in these studies controlled for all 
unmeasured factors that do not change over time through the inclusion of subject-specific 
fixed effects, somewhat reducing concerns about omitted variable bias.  
Fourth, a limitation of our examination of cigarette prices is that the pricing 
dataset used, while covering a large market region with good overlap with the MESA 
study population, was limited to prices from chain supermarkets and drug stores. We 
were unable to include prices from convenience stores or gas stations, other venues at 
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which cigarettes are frequently purchased. It is unclear whether cigarette prices would 
differ substantially between convenience stores and supermarkets, which might limit the 
generalizability of our results. However, supermarkets made up the second largest share 
of tobacco product sales after gas stations with convenience stores according to the 2007 
U.S. Economic Census, and still represent an important source of cigarette purchases 
[142].  
 
Conclusions 
  The results of this dissertation help to provide a better understanding of the effect 
of policies, prices, and neighborhood environment on smoking behaviors in U.S. adults 
and may inform future policy implementation. Given the complexity of smoking as a 
public health problem, macro-level interventions like legislation and economic policy 
have the potential to impact the smoking behaviors of large numbers of people. This body 
of work leads to several important implications and directions where future work is 
needed. 
First, the differential effect of smoking bans by socioeconomic status underscores 
the importance of evaluating equity throughout policy implementation, and taking steps 
to reduce disparities when inequities are identified. As smoking bans were strongly 
associated with a reduction in the risk of current smoking only among participants with a 
bachelor’s degree or higher, it is likely that additional supports are needed to support 
equitable effects among individuals with lower educational attainment. For example, 
people of lower socioeconomic status face barriers in accessing smoking cessation aids, 
and are less likely to use these aids when available. Policies that improve access to and 
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use of these supports may be beneficial in closing gaps left by other macro-level tobacco 
control interventions like bar and restaurant smoking bans.  
Second, our results provide additional evidence that price is an important 
determinant of smoking behavior in older adults, and may have a stronger effect than 
policies banning smoking in bars and restaurants in this population. A 2006 Pew Report 
based on interviews with 2,250 U.S. adults indicated that adults over the age of 65 eat out 
less frequently than younger adults [119], which might limit exposure to bar and 
restaurant smoking ban legislation. Although we did not find evidence of a synergistic 
interaction between the two types of policies, our findings in CARDIA and MESA taken 
together emphasize the large potential benefit of both forms of tobacco control policies in 
different subgroups of the population.  
Finally, as neighborhood social environment was associated cross-sectionally 
with current smoking, but not with changes to smoking status over follow-up, future 
work is needed to evaluate associations of neighborhood social factors with smoking 
initiation in order to determine whether the neighborhood social environment is causally 
associated with earlier life smoking patterns. To date, few studies have examined the 
association of neighborhood context with smoking initiation, and those that have 
primarily concentrated on neighborhood socioeconomic status [131-133] and racial 
composition [133]. More research is needed in this area, particularly longitudinal studies 
examining the impact of social aspects of neighborhood environments on smoking 
initiation. Additional research on associations of the neighborhood social environment 
with smoking cessation and reduction in younger populations is needed as well- as the 
smoking behavior of older adults is likely to be more fixed than younger adults, 
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neighborhood factors may have a stronger impact on smoking behavior in younger age 
groups.  
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APPENDIX 1: for Chapter 2 
		
Appendix 1: Table 1. Comparison of Covariate Distributions Between Imputed Sample and Original Sample 
 Year 0 Year 7 Year 10 
Variables with Missing 
Data 
Original 
N  
Sample % 
or mean 
(SD) 
Imputed 
Sample % 
or mean 
(SD) 
Original 
N  
Sample % 
or mean 
(SD) 
Imputed 
Sample % 
or mean 
(SD) 
Original 
N  
Sample % 
or mean 
(SD) 
Imputed 
Sample % 
or mean 
(SD) 
Education, years 5,071 13.8 (2.3) 13.8 (2.3) 3,982 14.5 (2.5) 14.5 (2.5) 3,875 14.6 (2.6) 14.6 (2.6) 
   N Missing 0    24    20    
Marital Status                
   Married 1,130 22.3 22.3 1,737 43.6 43.6 1,906 49.2 49.2 
   Unmarried 3,939 77.7 77.7 2,242 56.4 56.4 1,965 50.8 50.8 
   N Missing 2    27    24    
Employment Status                
   Unemployed 1,405 27.7 27.7 900 22.6 22.6 814 21 21.1 
   Employed 3,664 72.3 72.3 3,081 77.4 77.4 3,057 79 78.9 
   N Missing 2    25    24    
Income, per $10,000 4,237 5.7 (3.7) 5.5 (3.7) 3,927 4.7 (3.0) 4.7 (3.0) 3,852 4.9 (2.9) 4.9 (2.9) 
   N Missing 834    79    43    
Has children that live 
with them                 
   Yes 1,355 26.7 26.7 1,934 48.6 48.6 2,110 54.6 54.7 
   No 3,713 73.3 73.3 2,045 51.4 51.4 1,754 45.4 45.3 
   N Missing 3    27    31    
Current Alcohol Use                 
   Yes 4,366 86.4 86.4 3,271 82 82 3,092 79.9 79.8 
   No 688 13.6 13.6 717 18 18 780 20.1 20.2 
   N Missing 17     18     23     
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Appendix 1: Table 1 Continued. 
 Year 15 Year 20 Year 25 
Variables with Missing 
Data 
Original 
N  
Sample % 
or mean 
(SD) 
Imputed 
Sample % 
or mean 
(SD) 
Original 
N  
Sample % 
or mean 
(SD) 
Imputed 
Sample % 
or mean 
(SD) 
Original 
N  
Sample % 
or mean 
(SD) 
Imputed 
Sample % 
or mean 
(SD) 
Education, years 3,633 14.9 (2.5) 14.9 (2.5) 3,495 15.0 (2.6) 15.0 (2.6) 3,434 15.1 (2.7) 15.1 (2.7) 
   N Missing 11    15    12    
Marital Status            
   Married 2,187 60.2 60.2 2,194 62.7 62.6 2,109 61.5 61.4 
   Unmarried 1,446 39.8 39.8 1,307 37.3 37.4 1,323 38.5 38.6 
   N Missing 11    9    14    
Employment Status            
   Unemployed 732 20.2 20.2 780 22.3 22.3 1,123 32.8 32.8 
   Employed 2,899 79.8 79.8 2,721 77.7 77.7 2,306 67.2 67.2 
   N Missing 13    9    17    
Income, per $10,000 3,596 6.9 (4.6) 6.9 (4.6) 3,459 6.8 (4.3) 6.8 (4.3) 3,391 6.3 (4.1) 6.3 (4.1) 
   N Missing 48    51    55    
Has children that live 
with them             
   Yes 2,174 60.4 60.6 2,012 58 58 1,703 50.3 50.4 
   No 1,426 39.6 39.4 1,455 42 42 1,680 49.7 49.6 
   N Missing 44    43    63    
Current Alcohol Use             
   Yes 2,878 79.2 79.2 2,713 79 78.8 2,676 78.4 78.4 
   No 758 20.8 20.8 723 21 21.2 739 21.6 21.6 
   N Missing 8     74   31   
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Appendix 1: Table 2.  Distribution of Sociodemographic Characteristics by Baseline Smoking Status and by Year 25 Hospitality Smoking Ban 
Exposure Status 
 
Year 0 Year 25 Hospitality Bansa 
 
Current 
Smokers 
Current Non-
Smokers p-value 
100% 
Probability of 
coverage 
<100% 
Probability of 
Coverage 
0% Probability 
of Coverage p-value 
N 1545 (30.5) 3526 (69.5)   2,428 (70.5) 41 (1.2) 977 (28.3)   
Age, years 25.0 (3.6) 24.8 (3.7) 0.08 50.3 (3.6) 50.2 (3.8) 49.9 (3.6) 0.04 
Gender (%) 
  
0.09 
   
0.9 
     Male 730 (47.3) 1,574 (44.6)   1,055 (43.4) 18 (43.9) 547 (56.0) 
      Female 815 (52.7) 1,952 (55.4)   1,363 (56.6) 23 (56.1) 430 (44.0) 
 Race (%) 
  
<0.001 
   
<0.0001 
     Black 883 (57.2) 1,729 (49.0)   1,081 (44.5) 18 (43.9) 510 (52.2) 
      White 662 (42.8) 1,797 (51.0)   1,347 (55.5) 23 (56.1) 467 (47.8) 
 Education, years 12.9 (2.0) 14.2 (2.2) <0.001 15.1 (2.7) 15.7 (2.8) 15.0 (2.6) 0.2 
Marital Status (%) 
  
0.001 
   
0.5 
     Married 298 (19.3) 832 (23.6)   1,482 (61.3) 29 (70.7) 598 (61.5) 
      Unmarried 1,247 (80.7) 2,692 (76.4)   936 (38.7) 12 (29.3) 375 (38.5) 
 Employment Status (%) 
  
<0.001 
   
0.02 
     Unemployed 583 (37.8) 882 (23.3) 
 
808 (33.5) 20 (48.8) 295 (30.3) 
      Employed 961 (62.2) 2,703 (76.7) 
 
1,607 (66.5) 21 (51.2) 678 (69.7) 
 Income, per $10,000b 4.7 (3.5) 6.1 (3.7) <0.001 6.6 (4.1) 7.0 (4.0) 5.7 (4.0) <0.0001 
Has children that live with them 
  
<0.001 
   
0.02 
     Yes 517 (33.5) 838 (23.8)   1,191 (50.1) 28 (73.7) 484 (50.1) 
      No 1,027 (66.5) 2,686 (76.2)   1,188 (49.9) 10 (26.3) 482 (49.9) 
 Current Alcohol Use 
  
<0.001 
   
<0.0001 
     Yes 1,439 (93.4) 2,927 (83.3)   1,957 (81.6) 35 (85.4) 684 (70.2) 
      No 102 (6.6) 586 (16.7)   442 (18.4) 6 (14.6) 291 (29.8)  
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Appendix 1: Table 2 Continued.  
 
Year 0 Year 25 Hospitality Bans1 
 
Current 
Smokers 
Current Non-
Smokers p-value 
100% 
Probability of 
coverage 
<100% 
Probability of 
Coverage 
0% Probability 
of Coverage p-value 
Study Center   <0.001    <0.0001 
     Birmingham 332 (21.5) 839 (23.8)   52 (2.1) 23 (56.1) 738 (75.5)  
     Chicago 323 (20.9) 776 (22.0)   684 (28.2) 6 (14.6) 95 (9.7)  
     Minneapolis 543 (35.1) 838 (23.8)   815 (33.6) 9 (22.0) 82 (8.4)  
     Oakland 347 (22.5) 1,073 (30.4)   877 (36.1) 3 (7.3) 62 (6.4)  
State Cigarette Tax ($)2 0.26 (0.08) 0.24 (0.08) <0.001 0.82 (0.32) 0.80 (0.66) 0.48 (0.37) <0.0001 
 
aHospitality smoking ban exposure status was defined as a proportion between 0 and 1 reflecting the probability that the participant was exposed to 
a smoking ban at a given date. If a state smoking ban was in place, the probability of exposure was 100%. If a county or local ban was in place, the 
exposure probability reflected the proportion of the population of the participant’s census tract residing within the limits of the municipality (or 
unincorporated county area) to which the ban applied. 
bIncome and state cigarette taxes were adjusted for inflation and reflect $2000 U.S. dollars. 
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Appendix 1: Table 3. Association of 100% Hospitality Smoking Bansa,b with Within-Person Change in Smoking Risk, Smoking Intensity, and 
Quit Attempts, The Coronary Artery Risk Development in Young Adults Study (1985-2011)- Sensitivity Analysis Adjusting for (1) State 
Cigarette Tax, (2) Including a Fixed Effect for State, and (3) Lagging Exposure by 6 months rather than 1 year 
Effect of a 100% Hospitality Smoking Ban on: (1) Risk Ratio 
(95% CI), Controlling for 
State Cigarette Taxes 
(2) Risk Ratio 
(95% CI), including a 
Fixed Effect for State 
 
(3) Risk Ratio (95% 
CI) using a 6-month 
Exposure Lag 
    
Current smoking (versus not current smoking)- N=1,732 0.92 (0.87, 0.98) 0.91 (0.86, 0.97) 0.93 (0.88, 0.98) 
    
Smoking intensity (average number of cigarettes smoked per 
day: ≥10 versus <10 per day) among participants who ever 
smoked during follow-up- N=1,197 
0.92 (0.84, 1.02) 0.90 (0.82, 0.99) 0.91 (0.84, 0.99) 
    
Quit attempt (any versus none) by current smokers- N=1,153 1.10 (1.02, 1.20) 1.10 (1.01, 1.19) 1.10 (1.01, 1.19) 
 
a100% smoking bans mandated that all bars and restaurants be completely smoke-free with no exceptions. Exposure was lagged by 1 year to 
ensure temporality in columns (1) and (2), and 6 months in column (3) 
bEstimated using fixed effects Poisson models. Models were adjusted for the following time-varying covariates: time since baseline, age, education, 
marital status, employment status, income, current alcohol use, chronic disease status, and state cigarette tax. Interactions between time-invariant 
variables (sex and race) and time since baseline were retained for current smoking and smoking intensity to allow the associations of these 
variables with the outcome to change over time (p-value for interactions <0.05). Note-conditional fixed effects models only include participants 
with a change in the outcome over the follow-up period. 
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Appendix 1: Table 4. Association of 100% Hospitality Smoking Bansa,b with Within-Person Change in Smoking Risk, Smoking Intensity, and 
Quit Attempts, The Coronary Artery Risk Development in Young Adults Study (1985-2011)- Sensitivity Analysis Including Year Dummy 
Variables Rather than Time Trend 
Effect of a 100% Hospitality Smoking Ban on: Risk Ratio 
 (95% CI)  
Year Dummies 
  
Current smoking (versus not current smoking)- N=1,732 0.98 (0.91, 1.05) 
  
Smoking intensity (average number of cigarettes smoked per day: ≥10 
versus <10 per day) among participants who ever smoked during follow-up- 
N=1,197 
0.96 (0.86, 1.07) 
  
Quit attempt (any versus none) by current smokers- N=1,153 1.03 (0.95, 1.13) 
 
a100% smoking bans mandated that all bars and restaurants be completely smoke-free with no exceptions. Exposure was lagged by 1 year to 
ensure temporality in columns (1) and (2), and 6 months in column (3) 
bEstimated using fixed effects Poisson models. Models were adjusted for the following time-varying covariates: dummy variables for exam year (7, 
10, 15, 20, 25 versus 0), age, education, marital status, employment status, income, current alcohol use, chronic disease status, and state cigarette 
tax. Interactions between time-invariant variables (sex and race) and time since baseline were retained for current smoking and smoking intensity 
to allow the associations of these variables with the outcome to change over time (p-value for interactions <0.05). Note-conditional fixed effects 
models only include participants with a change in the outcome over the follow-up period. 
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APPENDIX 2: for Chapter 3 
	
		
Appendix 2: Table 1. Included versus Excluded Participants for Alternative Store Buffers (2, 3, and 5 mile buffers)a 
 
2 Mile Buffer 3 Mile Buffer 5 Mile Buffer 
 
At each person's first exam At each person's first exam At each person's first exam 
Sample Characteristics Included Excluded P-value Included Excluded P-value Included Excluded P-value 
N  3163 3651 
 
4884 1930  5796 1018  
Demographic 
Characteristics 
   
      
Mean age (SD) 61.7 (10.1) 62.5 (10.3) 0.0008 61.5 (10.1) 63.8 (10.4) <0.001 61.8 (10.2) 64.1 (10.4) <0.001 
Gender (%) 
  
0.8   0.3   0.5 
   Male 1496 (47.3) 1717 (47.0) 
 
2285 (46.8) 928 (48.1)  2743 (47.3) 470 (46.2)  
   Female 1667 (52.7) 1934 (53.0) 
 
2599 (53.2) 1002 (51.9)  3035 (52.7) 548 (53.8)  
Race (%) 
  
<0.001   <0.001   <0.001 
   White 1284 (40.6) 1338 (36.7) 
 
1972 (40.4) 650 (33.7)  2305 (39.8) 317 (31.1)  
   Chinese  656 (20.7) 148 (4.1) 
 
710 (14.5) 94 (4.9)  726 (12.5) 78 (7.7)  
   Black/African 
American 533 (16.9) 1359 (37.2) 
 
1053 (21.6) 839 (43.5)  1457 (25.1) 435 (42.7)  
   Hispanic 690 (21.8) 806 (22.1) 
 
1149 (23.5) 347 (18.0)  1308 (87.4) 188 (18.5)  
Education (%) 
  
0.0005   0.03   <0.001 
   ≤High school graduate  1098 (34.7) 1363 (37.6) 
 
1742 (36.7) 719 (37.7)  2053 (35.4) 408 (41.0)  
   Some college 874 (27.6) 1063 (29.3) 
 
1373 (28.1) 564 (29.6)  1621 (28.0) 316 (31.8)  
   ≥Bachelor's degree 1191 (37.7) 1202 (33.1) 
 
1769 (36.2) 624 (32.7)  2122 (36.6) 271 (27.2)  
Currently employed (%) 1739 (55.0) 1873 (51.5) 0.004 2729 (55.9) 883 (46.1) <0.001 3184 (54.9) 428 (42.7) <0.001 
Mean adjustedb annual 
household income per 
capita, per 10,000 (SD) 2.7 (2.2) 2.5 (1.9) 0.0003 2.6 (2.1) 2.5 (2.0) 0.06 2.6 (2.1) 2.3 (1.9) <0.001 
Currently married (%) 1986 (63.8) 2153 (59.1) 0.002 3027 (62.0) 1112 (57.8) 0.002 3569 (61.6) 570 (56.4) 0.002 
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Appendix 2: Table 1 Continued. 
 
2 Mile Buffer 3 Mile Buffer 5 Mile Buffer 
 
At each person's first exam At each person's first exam At each person's first exam 
Sample Characteristics Included Excluded P-value Included Excluded P-value Included Excluded P-value 
Health Behaviors                   
Current Alcohol Use (%) 1738 (55.0) 2031 (55.7) 0.5 2781 (56.9) 988 (51.3) <0.001 3258 (56.2) 511 (50.4) 0.0007 
Smoking Status (%)     <0.001     0.0008     0.001 
   Never smoker 1698 (53.7) 1720 (47.4)   2518 (51.5) 900 (47.2)   2947 (50.8) 471 (47.3)   
   Former smoker 1106 (35.0) 1381 (38.1)   1766 (36.2) 721 (37.8)   2127 (36.7) 360 (36.1)   
   Current smoker 359 (11.3) 528 (14.5)   600 (12.3) 287 (15.0)   722 (12.5) 165 (16.6)   
Mean number of 
cigarettes smoked per day 
by baseline smokers (SD) 12.5 (10.7) 14.4 (19.9) 0.06 13.2 (19.0) 14.6 (10.8) 0.1 13.3 (18.0) 15.2 (9.7) 0.07 
Neighborhood 
Characteristics                   
Mean neighborhood 
socioeconomic score 
(SD) 1.12 (6.31) -1.08 (6.09) <0.001 0.26 (6.39) -0.76 (5.87) <0.001 0.08 (6.43) -0.49 (3.88) 0.008 
Study Site     <0.001     <0.001     <0.001 
   NC  403 (12.7) 674 (18.5)   596 (12.2) 481 (24.9)   819 (14.1) 258 (25.3)   
   NY-  581 (18.4) 521 (14.3)   908 (18.6) 194 (10.1)   1005 (17.3) 97 (9.5)   
   MD  294 (9.3) 792 (21.7)   629 (12.9) 457 (23.7)   923 (15.9) 163 (16.0)   
   MN 399 (12.6) 667 (18.3)   890 (18.2) 176 (9.1)   943 (16.3) 123 (12.1)   
   IL 647 (20.5) 517 (14.2)   796 (16.3) 368 (19.1)   943 (16.3) 221 (21.7)   
   CA 839 (26.5) 480 (13.2)   1065 (21.8) 254 (13.2)   1163 (20.1) 156 (11.8)   
ap-values from chi-squared or t-tests 
bIncome adjusted for inflation to 2010 U.S. dollars 
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Appendix 2: Table 2. Cross-sectional and Longitudinal Associations between Cigarette Pack Price and Smoking Outcomes, The Multi-Ethnic 
Study of Atherosclerosis 2000-2010: Sensitivity Analyses using 5-mile and 2-mile Buffers 
Cross-Sectional Models (Year 10)a 
5 mile Buffer 2 mile buffer 
Association of a $1 higher cigarette pack 
price with: 
Prevalence Ratio (95% 
Confidence Interval) 
Association of a $1 higher cigarette pack 
price with: 
Prevalence Ratio (95% 
Confidence Interval) 
Current smoking (current versus not 
current)-  N=3,697 0.86 (0.73, 1.01) 
Current smoking (current versus not 
current)- N=1,558 
0.84 (0.71, 0.98) 
Smoking intensity (≥10 cigarettes per day 
versus <10) among participants who ever 
smoked during follow-up- N=472 
0.83 (0.68, 1.01)    
 
Smoking intensity (≥10 cigarettes per day 
versus <10) among participants who ever 
smoked during follow-up- N=177 
0.77 (0.62, 0.96) 
Relapse (versus no relapse) among 
participants who ever smoked during 
follow-up- N=472 
0.91 (0.51, 1.63)  
Relapse (versus no relapse) among 
participants who ever smoked during 
follow-up- N=177 
0.62 (0.39, 1.00) 
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Appendix 2: Table 2 continued: 
Longitudinal Models (Years 0-10)b 
5 mile Buffer 2 mile buffer 
Association of a $1 increase in cigarette 
pack price with: 
Risk Ratio (95% 
Confidence Interval) 
Association of a $1 increase in cigarette 
pack price with: 
Risk Ratio (95% 
Confidence Interval) 
Current smoking (current versus not 
current)- N=766 
0.96 (0.93, 1.00) Current smoking (current versus not 
current)- N=317 
0.96 (0.91, 1.02) 
Smoking intensity (≥10 cigarettes per day 
versus <10)- N=471 
0.91 (0.86, 0.97) Smoking intensity (≥10 cigarettes per day 
versus <10)- N=188 
0.92 (0.85, 0.99) 
Relapse (versus not)- N=160 0.75 (0.56, 1.01) Relapse (versus not)- N=62 0.69 (0.51, 0.94) 
aEstimated using modified Poisson regression with robust variance estimates, adjusting for age, sex, race, education, marital status, income, 
employment, alcohol use, neighborhood socioeconomic status and state of residence 
 
bEstimated using fixed effects Poisson models with robust variance estimates. Conditional fixed effects models only include participants with a 
change in the outcome over the follow-up period. Model adjusted for time since baseline and time-varying age, income, marital status, 
employment status, current alcohol use, and neighborhood socioeconomic status. Interactions between time-invariant covariates and time were 
retained if significant at the p<0.05 level to allow associations with the outcome to vary over time (interactions between sex and time retained for 
smoking intensity models) 
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Appendix 2: Table 3. Association of a $1 Increase in Cigarette Pack Price at Stores within 3-Mile 
and 5-Mile Buffers with Within-Person Change in Smoking Risk and Intensity, The Multi-ethnic 
Study of Atherosclerosis 2000-20121,2- Sensitivity Analysis included Year Fixed Effect instead of 
Linear Time Trenda 
 
Association of a $1 increase cigarette pack price with: Risk Ratio (95% Confidence Interval) 
Current smoking (current versus not current)- N=578 
 
0.98 (0.93, 1.03) 
Heavy smoking (≥10 cigarettes per day versus <10)- N=344 
 
0.94 (0.88, 1.01) 
 
Relapse (versus no relapse)- N=118 0.88 (0.64, 1.23) 
 
aEstimated using fixed effects Poisson models with robust variance estimates. Conditional fixed 
effects models only include participants with a change in the outcome over the follow-up period. 
Models adjusted for exam year (dummy variables) and time-varying age, income, marital status, 
employment status, current alcohol use, and neighborhood socioeconomic status. Interactions 
between time-invariant covariates and time were retained if significant at the p<0.05 level to 
allow associations with the outcome to vary over time (sex*time was retained in the smoking 
intensity model) 	
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Appendix 2: Table 4. Independent and Interactive Associations of Cigarette Pack Price and 
Bar/Restaurant Smoking Bans with Smoking Outcomes, The Multi-Ethnic Study of 
Atherosclerosis 2000-2012- Sensitivity Analysis Including Year Fixed Effect Instead of Linear 
Time Trenda 
 
 Risk Ratio of Current Smoking  (95% CI)  N=575 
 Model 1 Model 2 Model 3 
$1 increase in cigarette price --- 0.97 (0.93, 1.02) 0.98 (0.93, 1.04) 
Smoking Ban exposure (yes vs. no) 1.03 (0.94, 1.15) 1.05 (0.95, 1.16) 1.05 (0.94, 1.18) 
Price x Ban interaction --- --- 0.99 (0.92, 1.06) 
   Interaction p-value --- --- 0.7 
Association of price when:     
   No Ban --- --- 0.98 (0.93, 1.04) 
   Ban --- --- 0.97 (0.91, 1.03) 
 Risk Ratio of Heavy Smoking (>=10 cigarettes/day) 
(95% CI)  N=344 
 Model 1 Model 2 Model 3 
$1 increase in cigarette price --- 0.95 (0.88, 1.02) 0.99 (0.92, 1.07) 
Smoking Ban exposure (yes vs. no) 0.95 (0.79, 1.13) 0.97 (0.82, 1.16) 1.00 (0.83, 1.21) 
Price x Ban interaction --- --- 0.93 (0.83, 1.03) 
   Interaction p-value --- --- 0.2 
Association of price when:     
   No Ban --- --- 0.99 (0.92, 1.07) 
   Ban --- --- 0.92 (0.83, 1.01) 
 Risk Ratio of Smoking Relapse   (95% CI)  N=118 
 Model 1 Model 2 Model 3 
$1 increase in cigarette price --- 0.88 (0.63, 1.23) 0.91 (0.53, 1.57) 
Smoking Ban exposure (yes vs. no) 1.15 (0.52, 2.56) 1.21 (0.53, 2.73) 1.21 (0.54, 2.73) 
Price x Ban interaction --- --- 0.97 (0.60, 1.54) 
   Interaction p-value --- --- 0.9 
Association of price when:     
   No Ban --- --- 0.91 (0.53, 1.57) 
   Ban --- --- 0.88 (0.63, 1.23) 
 
aRisk ratios estimated using fixed effects Poisson models with robust variance estimates. 
Conditional fixed effects models only include participants with a change in the outcome over the 
follow-up period. Models adjusted for exam year (dummy variables) and time-varying age, 
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income, marital status, employment status, current alcohol use, and neighborhood socioeconomic 
status. Interactions between time-invariant covariates and time were retained if significant at the 
p<0.05 level to allow associations with the outcome to vary over time (sex*time was retained in 
the heavy smoking model). Model 1 included smoking ban exposure status (yes/no) main effect 
only. Model 2 included both average cigarette pack price and smoking ban exposure status as 
main effects. In model 3, interactions between average cigarette pack price and smoking ban 
exposure status were added to Model 2. 
 
bSmoking ban exposure was lagged by 1 year to establish temporality by ensuring that policy 
implementation preceded outcome measurement.  
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APPENDIX 3: for Chapter 4 
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Appendix 3: Table 1. Comparison of Baseline Socio-demographic, Neighborhood, and Health 
Behavior Characteristics between Included Sample and Excluded MESA Neighborhood Study 
Participants (2000-2002). N=6,191 
Sample Characteristics 
Included 
N=5,856 
Excludeda 
N=335 p-value 
Demographic Characteristics       
Mean age (SD) 61.9 (10.1) 62.2 (10.2) 0.6 
Gender (%)     0.0002 
   Male 2753 (47.0) 192 (57.3)   
   Female 3103 (53.0) 143 (42.7)   
Race (%)     0.5 
   White 2291 (39.1) 142 (42.4)   
   Chinese 694 (11.9) 35 (10.4)   
   Black/African American 1610 (27.5) 83 (24.8)   
   Hispanic 1261 (21.5) 75 (22.4)   
Education (%)     0.8 
   High school graduate or less 2051 (35.0) 106 (33.4)   
   Some college 1660 (28.4) 95 (30.0)   
   Bachelor's or Graduate degree 2145 (36.6) 116 (36.6)   
Employment Status (%)     0.6 
   Currently working 3190 (54.5) 172 (53.1)   
   Not currently working 2666 (45.5) 152 (46.9)   
Mean per capita annual adjustedb 
household income, per 10,000 (SD) 2.6 (2.0) 2.8 (2.3) 0.1 
Marital status (%)     0.7 
   Currently married 3610 (61.6) 202 (60.7)   
   Not currently married 2246 (38.4) 131 (39.3)   
Current Alcohol Use (%)     0.07 
   Yes 3287 (56.1) 205 (61.2)   
   No 2569 (43.9) 130 (38.8)   
Smoking Status     0.8 
   Current 741 (12.7) 42 (13.2)   
   Former 2158 (36.8) 121 (38.1)   
   Never 2957 (50.5) 155 (48.7)   
Mean # cigs in current smokers  13.5 (17.7) 11.3 (11.4) 0.2 
Neighborhood Characteristics       
Mean neighborhood SES score (SD) -0.01 (6.33) 1.03 (5.77) 0.002 
Mean neighborhood social 
environment score (SD)  -0.15 (2.52) -0.01 (2.35) 0.4 
Mean aesthetic quality score (SD) 3.67 (0.43) 3.74 (0.38) 0.006 
Mean safety score (SD) 3.65 (0.42) 3.70 (0.45) 0.2 
Mean social cohesion score (SD) 3.54 (0.26) 3.55 (0.27) 0.4 
aParticipants were excluded due to inaccurate geocoding of addresses or missing data on smoking 
outcomes, neighborhood social environment, or covariates. 
bIncome adjusted for inflation to 2010 U.S. dollars 
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Appendix 3: Table 2. Bivariate Associations of Socio-demographic Characteristics with Smoking 
Status (N=5,856) 
Sample Characteristics at Baseline 
Baseline 
Smokers 
Baseline Non-
Smokers p-valuea 
N  741 5,115 
 Demographic Characteristics 
   Mean age (SD) 57.9 (9.1) 62.5 (10.2) <0.0001 
Gender (%) 
  
0.0006 
   Male 392 (52.9) 2,361 (46.2) 
    Female 349 (47.1) 2,754 (53.8) 
 Race (%) 
  
<0.0001 
   White 251 (33.9) 2,040 (39.9) 
    Chinese 38 (5.1) 656 (12.8) 
    Black/African American 286 (38.6) 1,324 (25.9) 
    Hispanic 166 (22.4) 155 (22.4) 
 Education (%) 
  
<0.0001 
   High school graduate or less 287 (38.7) 1,764 (34.5) 
    Some college 273 (36.8) 1,387 (27.1) 
    Bachelor's or Graduate degree 181 (24.4) 1,964 (38.4) 
 Employment Status (%) 
  
0.001 
   Currently working 445 (60.1) 2,745 (53.7) 
    Not currently working 296 (39.9) 2,370 (46.3) 
 Mean per capita annual adjustedb 
household income, per 10,000 (SD) 2.5 (2.1) 2.6 (2.0) 0.2 
Marital status (%) 
  
<0.0001 
   Currently married 383 (51.7) 3,227 (63.1) 
    Not currently married 358 (48.3) 1,888 (36.9) 
 Health Behaviors 
   Current Alcohol Use (%) 
  
<0.0001 
   Yes 506 (68.3) 2,781 (54.4) 
    No 235 (31.7) 2,334 (45.6) 
 Mean number of cigarettes smoked 
per day (SD) 13.5 (17.7) 0 (0.0) <0.0001 
Neighborhood Characteristics 
   Mean neighborhood socioeconomic 
score (SD) -1.51 (5.94) 0.21 (6.35) <0.0001 
Mean neighborhood social 
environment score (SD)b -0.63 (2.50) -0.08 (2.52) <0.0001 
Mean aesthetic quality score (SD) -0.22 (0.96) -0.05 (0.96) <0.0001 
Mean safety score (SD) -0.24 (0.89) 0.01 (0.92) <0.0001 
Mean social cohesion score (SD) -0.17 (0.91) -0.04 (0.91) 0.0005 
ap-values calculated using chi-squared test for categorical variables and t-tests and Mann Whitney 
U tests for continuous variables 
bIncome adjusted for inflation to 2010 U.S. dollars 
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Appendix 3: Table 3. Bivariate Associations of Socio-demographic Characteristics with Baseline 
Neighborhood Social Environment (N=5,856) 
Sample Characteristics at 
Baseline Baseline Neighborhood Social Environment Score 
  Tertile 1 Tertile 2 Tertile 3 p-valuea 
N  1932 (33.0) 1991 (34.0) 1933 (33.0)   
Demographic Characteristics 
   
  
Mean age (SD) 61.5 (10.2) 62.3 (10.3) 61.9 (9.8) 0.07 
Gender (%) 
   
0.04 
   Male 874 (45.2) 928 (46.6) 951 (49.2)   
   Female 1058 (54.8) 1063 (53.4) 982 (50.8)   
Race (%) 
   
<0.0001 
   White 350 (18.1) 820 (41.2) 1121 (58.0)   
   Chinese 155 (8.0) 363 (18.2) 176 (9.1)   
   Black/African American 747 (38.7) 394 (19.8) 469 (24.3)   
   Hispanic 680 (35.2) 414 (20.8) 167 (8.6)   
Education (%) 
   
<0.0001 
  ≤ High school graduate  963 (49.9) 673 (33.8) 415 (21.5)   
   Some college 528 (27.3) 547 (27.5) 585 (30.2)   
   Bachelor's or Graduate   
   degree 441 (22.8) 771 (38.7) 933 (48.3)   
Employment Status (%) 
   
<0.0001 
   Currently working 995 (51.5) 1060 (53.2) 1135 (58.7)   
   Not currently working 937 (48.5) 931 (46.8) 798 (41.3)   
Mean per capita annual adjustedb 
household income, per 10,000 
(SD) 2.0 (1.6) 2.5 (2.0) 3.4 (2.2) <0.0001 
Marital status (%) 
   
<0.0001 
   Currently married 1006 (52.1) 1234 (62.0) 1370 (70.9)   
   Not currently married 926 (47.9) 757 (38.0) 563 (29.1)   
Health Behaviors 
   
  
Current Alcohol Use (%) 
   
<0.0001 
   Yes 956 (49.5) 1132 (56.9) 1199 (62.0)   
   No 976 (50.5) 859 (43.1) 734 (38.0)   
Current Smoking (%) 
   
<0.0001 
   Yes 315 (16.3) 228 (11.5) 198 (10.2)   
   No 1617 (83.7) 1763 (88.5) 1735 (89.8)   
Mean number of cigarettes 
smoked per day (SD)- current 
only 
11.6 (9.7) 
 
13.4 (10.2) 
 
16.6 (29.9) 
 <0.0001  
Neighborhood Characteristics         
Mean neighborhood 
socioeconomic score (SD) 
-5.39 (5.30) 
 
0.80 (4.76) 
 
4.52 (4.43) 
 
<0.0001 
 
aP-values from chi-squared tests for categorical and ANOVA/Kruskal Wallis for continuous 
variables 
bIncome adjusted for inflation to 2010 U.S. dollars 
		
Appendix 3: Table 4. Sensitivity Analysis- Cross-sectional and Longitudinal Associations of Baseline Neighborhood Social Environment with 
Smoking Status and Intensity Among Participants with at least 5 1-mile neighborsa,b 
 Relative Risk for Current Smoking (95% Confidence Interval) N=5,558 
 Model 1 Model 2 Model 3 
 Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time 
Neighborhood 
Social 
Environment 
0.82 (0.76, 
0.89) 
 
0.71 (0.68, 
0.75) 
0.99 (0.94, 
1.03) 
0.85 (0.76, 
0.95) 
0.73 (0.69, 
0.77) 
0.98 (0.94, 
1.03) 
0.89 (0.78, 
1.00) 
 
0.74 (0.69, 
0.79) 
0.97 (0.92, 
1.02) 
Aesthetic Quality 0.84 (0.78, 
0.91) 
0.72 (0.68, 
0.75) 
1.00 (0.95, 
1.04) 
0.84 (0.74, 
0.94) 
0.73 (0.69, 
0.77) 
0.99 (0.94, 
1.04) 
0.87 (0.77, 
0.99) 
0.73 (0.69, 
0.77) 
0.97 (0.92, 
1.02) 
Safety 0.76 (0.70, 
0.82) 
0.71 (0.68, 
0.75) 
0.98 (0.94, 
1.04) 
0.84 (0.76, 
0.93) 
0.73 (0.69, 
0.77) 
0.98 (0.93, 
1.03) 
0.87 (0.78, 
0.97) 
0.73 (0.69, 
0.77) 
0.97 (0.92, 
1.03) 
Social Cohesion 0.90 (0.83, 
0.98) 
0.71 (0.68, 
0.75) 
0.98 (0.93, 
1.03) 
0.92 (0.82, 
1.04) 
0.73 (0.69, 
0.77) 
0.98 (0.93, 
1.03) 
0.98 (0.87, 
1.11) 
0.73 (0.70, 
0.77) 
0.95 (0.90, 
1.01) 
 
 Rate Ratio for Average Number of Cigarettes Smoked Per Day by Baseline Smokers (95% CI)- N=714 
 Model 1 Model 2 Model 3 
 Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time 
Neighborhood 
Social 
Environment 
1.13 (1.03, 
1.24) 
 
0.51 (0.47, 
0.55) 
0.97 (0.92, 
1.03) 
1.00 (0.88, 
1.13) 
 
0.44 (0.38, 
0.50) 
0.99 (0.93, 
1.05) 
0.97 (0.84, 
1.11) 
 
0.44 (0.38, 
0.50) 
0.99 (0.93, 
1.06) 
Aesthetic Quality 1.14 (1.04, 
1.25) 
0.51 (0.47, 
0.55) 
0.99 (0.94, 
1.04) 
1.00 (0.88, 
1.14) 
0.44 (0.38, 
0.50) 
1.00 (0.94, 
1.05) 
0.97 (0.84, 
1.12) 
0.43 (0.38, 
0.50) 
1.00 (0.94, 
1.07) 
Safety 1.12 (1.01, 
1.23) 
0.51 (0.47, 
0.55) 
0.97 (0.91, 
1.02) 
1.01 (0.90, 
1.13) 
0.44 (0.38, 
0.50) 
0.99 (0.93, 
1.05) 
0.99 (0.87, 
1.12) 
0.44 (0.38, 
0.50) 
0.99 (0.93, 
1.05) 
Social Cohesion 1.12 (1.02, 
1.24) 
0.51 (0.47, 
0.55) 
0.97 (0.91, 
1.03) 
0.98 (0.86, 
1.12) 
0.44 (0.38, 
0.50) 
0.98 (0.93, 
1.05) 
0.95 (0.83, 
1.09) 
0.44 (0.38, 
0.50) 
0.99 (0.93, 
1.05) 
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aResults are from generalized linear mixed Poisson models with robust variance estimates. All models include the baseline neighborhood 
environment score, time in years since baseline, and an interaction between baseline neighborhood score and time since baseline to test whether 
neighborhood social environment modifies the change in smoking status over time. All models included repeated measures and a random intercept 
for each participant. Time trend reflects 5 year interval. 
 
bModel 1 adjusted for baseline age and sex. Model 2 further adjusted for race, marital status, education, income, employment, alcohol use, baseline 
study site. Model 3 further adjusted for neighborhood socioeconomic status. 
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Appendix 3: Table 5. Sensitivity Analysis- Cross-sectional and Longitudinal Associations of Baseline Neighborhood Social Environment with 
Smoking Status and Intensity Among Participants with at least 3 Exam-Years of Data (N=5,526)a,b 
 Relative Risk for Current Smoking (95% Confidence Interval) N=5,526 
 Model 1 Model 2 Model 3 
 Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time 
Neighborhood 
Social 
Environment 
0.82 (0.76, 
0.89) 
0.73 (0.70, 
0.77) 
1.00 (0.96, 
1.04) 
0.84 (0.75, 
0.94) 
0.75 (0.71, 
0.78) 
1.00 (0.95, 
1.04) 
0.87 (0.78, 
0.99) 
0.75 (0.71, 
0.79) 
0.98 (0.93, 
1.03) 
Aesthetic Quality 0.84 (0.78, 
0.91) 
0.73 (0.69, 
0.78) 
1.01 (0.97, 
1.05) 
0.84 (0.75, 
0.94) 
0.75 (0.71, 
0.78) 
1.00 (0.96, 
1.04) 
0.87 (0.77, 
0.99) 
0.75 (0.71, 
0.79) 
0.98 (0.94, 
1.03) 
Safety 0.76 (0.70, 
0.83) 
0.73 (0.69, 
0.78) 
1.01 (0.96, 
1.05) 
0.84 (0.76, 
0.93) 
0.75 (0.71, 
0.79) 
1.00 (0.96, 
1.05) 
0.87 (0.78, 
0.97) 
0.75 (0.71, 
0.79) 
0.99 (0.95, 
1.04) 
Social Cohesion 0.90 (0.83, 
0.98) 
0.73 (0.70, 
0.77) 
0.98 (0.94, 
1.03) 
0.90 (0.81, 
1.01) 
0.74 (0.71, 
0.78) 
0.98 (0.94, 
1.03) 
0.95 (0.84, 
1.07) 
0.75 (0.71, 
0.79) 
0.96 (0.91, 
1.01) 
 
 Rate Ratio for Average Number of Cigarettes Smoked Per Day by Baseline Smokers (95% CI)- N=692 
 Model 1 Model 2 Model 3 
 Baseline 
Score 
Time Trend  
 
Baseline 
Score x Time  
Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time  
Baseline 
Score 
Time Trend  
 
Baseline 
Score x 
Time 
Neighborhood 
Social Environment 
1.14 (1.03, 
1.25) 
0.51 (0.47, 
0.55) 
0.97 (0.92, 
1.03) 
1.02 (0.90, 
1.15) 
0.44 (0.38, 
0.49) 
0.99 (0.93, 
1.04) 
0.99 (0.87, 
1.13) 
0.43 (0.38, 
0.49) 
0.99 (0.94, 
1.05) 
Aesthetic Quality 1.12 (1.02, 
1.23) 
0.51 (0.48, 
0.55) 
0.99 (0.94, 
1.04) 
1.00 (0.88, 
1.14) 
0.43 (0.38, 
0.49) 
1.00 (0.95, 
1.05) 
0.97 (0.85, 
1.11) 
0.43 (0.38, 
0.49) 
1.00 (0.95, 
1.06) 
Safety 1.13 (1.02, 
1.24) 
0.51 (0.47, 
0.55) 
0.97 (0.92, 
1.03) 
1.04 (0.92, 
1.16) 
0.43 (0.38, 
0.49) 
0.99 (0.93, 
1.05) 
1.01 (0.90, 
1.15) 
0.43 (0.38, 
0.49) 
0.99 (0.93, 
1.05) 
Social Cohesion 1.13 (1.02, 
1.25) 
0.51 (0.47, 
0.55) 
0.96 (0.91, 
1.02) 
1.01 (0.89, 
1.15) 
0.44 (0.38, 
0.50) 
0.98 (0.92, 
1.03) 
0.99 (0.87, 
1.13) 
0.44 (0.38, 
0.50) 
0.98 (0.92, 
1.04) 
aResults are from generalized linear mixed Poisson models with robust variance estimates. All models include the baseline neighborhood 
environment score, time in years since baseline, and an interaction between baseline neighborhood score and time since baseline to test whether 
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neighborhood social environment modifies the change in smoking status over time. All models included repeated measures and a random intercept 
for each participant. 
 
bModel 1 adjusted for baseline age and sex. Model 2 further adjusted for race, marital status, education, income, employment, alcohol use, baseline 
study site. Model 3 further adjusted for neighborhood socioeconomic status.										 						 	
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Appendix 3: Figure 1. Description of Hybrid Effects Models used to Evaluate Effect of 
Change in Neighborhood Social Environment with Changes in Smoking Risk and 
Intensity.  
In an additional analysis, we assessed the association of within-person changes in 
neighborhood social environment with changes in smoking behavior (referred to as 
“change-and-change” here). For the change-and-change analyses, hybrid effects models 
were used, also known as “within-between” models [143, 144]. These models decompose 
time-varying predictors into two parts: one term representing within-person variation in 
the exposure (analogous to the coefficient from econometric fixed effects models) and 
one term representing between-person variation in the exposure. Hybrid models combine 
the unbiased estimation of within-person changes offered by fixed effects models with 
the ability to estimate between-person random effects and estimate coefficients for time-
invariant covariates. In addition, hybrid models are a good choice for negative binomial 
models because conditional maximum likelihood estimators are not available for fixed 
effects models for negative binomial outcomes [94].  In a simulation study, within-
between models reduced bias relative to fixed and random effects models in many 
circumstances [145]. The hybrid model equation used in this study is as follows:  
 log (!"#$%&'!") = !! +  !!!"#$! + !!!"#$!" + !!!"#$%!" + !"#$%&$'()!! + !!(!"#$%&$'()!"∗ !"#$%!") +  !!!"#$%!" + !! + !!" 
Where: 
mNSEi is each individual’s mean neighborhood social environment score across time and represents the 
between-individual effect of NSE 
 
dNSEit is the difference from the individual’s mean neighborhood social environment level across time and 
represents the within-individual effect of NSE 
 
dTimeit is the difference from the individual’s mean time since baseline at time t 
 
Covariatesi0 is the matrix of time-invariance covariates measured at baseline 
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(Covariatesi0* dTimeit) is the interaction of time-invariant covariates with time (to allow the association of 
these variables with the outcome to change over time) 
 
dCovTit is the difference from the individual’s mean level of each time-varying covariate over time.  
 
αi is the subject-specific fixed effect for individual i 
 
 
 For all time-varying exposures and covariates, each individual’s mean across 
times was calculated (“person-level mean”) as well as the difference at each time point 
from that individual’s mean (“person-mean centering”). The process of person-mean 
centering mimics the within-person effect measured by fixed effects models. Wald tests 
were used to test whether the coefficients for the person-level mean and the difference 
from the mean were equal for each time-varying independent variable [94]. If the null 
hypothesis was not rejected, the person-level mean term was dropped from the models 
and only the difference term was retained. If the null hypothesis was rejected, both the 
mean and difference terms were retained in the model. In either case, only the difference 
term was reported in the following Table, as this term reflects the effect of within-person 
change in neighborhood social environment. These results were not included in the main 
text as there was little change in neighborhood social environment over time and abilities 
to detect an association were limited by lack of variation in the exposure and outcome.  
 
Results of Change-in-Change Analysis 
In change-and-change analyses, a 1 SD within-person increase in neighborhood 
social environment was not associated with changes in current smoking risk for any scale 
(Table 6). For smoking intensity, point estimates indicated a positive association between 
an improvement in neighborhood social environment, aesthetic quality, or safety and 
increased smoking intensity, however, confidence intervals included 1.0. Results 
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indicated no association between a change in neighborhood social environment score and 
changes to smoking risk or intensity- however, there was little change in the exposure 
overall, limiting our ability to examine this association. 
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Appendix 3: Table 6.  Change in neighborhood social environment and change in smoking status 
and intensity. Associations of a 1 SD Increase in Neighborhood Social Environment with 
Changes in Smoking Risk and in the Average Number of Cigarettes Smoked Per Day by Current 
Smokers, The Multi-Ethnic Study of Atherosclerosis (2000-2012)a,b 
 
aResults are from hybrid effects models and present the effect of a within-person change in 
neighborhood environment on smoking risk and rate of cigarettes smoked per day 
 
bModel 1 adjusted for baseline age and sex. Model 2 further adjusted for race, education, baseline 
study site, and the following time-varying covariates: marital status, income, employment, 
alcohol use. Model 3 further adjusted for neighborhood socioeconomic status (time-varying). 
 
 
 
 
 
 
 
 
 
  
Risk Ratio- Current Smoking Status 
(95% CI) N=5856 
Rate Ratio for Average Number of 
Cigarettes Smoker Per Day (95% 
CI) N=741 
Effect of a 1 SD 
increase from 
person-centered 
mean of: Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
Overall 
Neighborhood 
Social Environment 
1.00 
(0.95, 
1.06) 
1.01 
(0.95, 
1.07) 
1.01 
(0.95, 
1.07) 
1.03 
(0.96, 
1.11) 
1.03 
(0.96, 
1.11) 
1.03 
(0.95, 
1.11) 
Aesthetic Quality 
1.01 
(0.95, 
1.08) 
1.02 
(0.96, 
1.08) 
1.02 
(0.96, 
1.09) 
1.06 
(0.97, 
1.15) 
1.05 
(0.97, 
1.14) 
1.04 
(0.96, 
1.13) 
Safety 
0.99 
(0.94, 
1.05) 
1.00 
(0.94, 
1.06) 
1.00 
(0.95, 
1.06) 
1.05 
(0.97, 
1.13) 
1.05 
(0.98, 
1.13) 
1.05 
(0.98, 
1.13) 
Social Cohesion 
1.00 
(0.96, 
1.05) 
1.00 
(0.96, 
1.05) 
1.00 
(0.96, 
1.06) 
0.99 
(0.94, 
1.05) 
0.99 
(0.94, 
1.05) 
0.99 
(0.94, 
1.05) 
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